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elliptica.    PL  v.  f.  4 

,8p.  ?    PLv.f.5&6   ; 


Jurassic  (?) . 


WoUambiila 


Devonian . 


Jurassic  (?) , 


Devonian . 


Budleigh-Salterton 


WoUumbilla 


Budleigh-Salterton 
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BrmMttpodm  {comHmid). 


Rkfmekomtta  VM^foma.  P].iT.126 
&  27    

Fieoryi.    PL  ?.  f.  7  &  8  

?O0«lii.    PL  It.  t  24  &  25 

nw/ios.     PL  X.  f.  7-9 

jofi/arifc  PL  X.  f .  10.. 

Spirifeim  VerneoiliL  PL  iv.  £.  1 9  & 

nucroptcia.  PL  W.  t  21  &  22 

octopacaU.    PL  i?.  f.  23 

Streptorhynchitt  anenittria.  PI.  ▼. 
£26 

Sirupkomma  JUmauUL  PL  iL  t 
8  &  9    . 

EdgfUiamn     PL  tL  f.  2-5     ... 

Fimryi    PL  Yi.  f.  6  &  7 

btuUeiffketuu.    PL  fL  f .  1    ... 

JhminaeUa DmndBomi.  PL zL f.  1  &2 
Tenbntala  (?)  sp.    PL  W.  Ill 


DaTonian..., 
jQnanc(?). 


Devonian.. 


Joratiic  (?) . 
iDeronian.... 


Bttdldgh-Salierton 
Woniunliilla    ... 


Bodleigh-Salterton 


WoUmnbilla    ... 
Bodleigh-Salterum 


82 
82 
82 
245 
\245 
78 
79 
79 

87 

85 

85 
86 
86 

86 
245 

78 


Atmima  mammdHM,  PL  zzvi.  1 13 

jireajfSeata.    PLziLf.  6 

jrrtBhn^    PL  xiv.f.  7 

SMdUandi 

nuniismalii.    PL  xxyL  f.  3  ... 

AMtmrte ^rieoMt.    PLziiLf.  11 

ClifiimL    PL  ziiL  f.  10    

wolhmMUtumit.  PL  ziiL  f.  12 

AvieukiBaril^    PLzLf.  1&9... 

r^fieeta.    PL  xiL  f  .  1    

umdamalii.    PL  xiL  f.  2  Ac  3... 

eorMentit.    PL  zL  f  .  7 

ftrnp/lBr.    PL  zi.  f.  3 

teguaUt.    PLzLt4 

•P 

nbttriaia.    PL  zL  f.  6 

CuevlkM  v^a.    PL  ziy.  f.  1  &  2  \ 

umUtriata.    PL  zi?.  f.  3 I 

Cythena  OarkeL    PL  ziii.  1 1 f 

Gmdafmya  deprttaa,    PL  ziii.  t  6...  J 
/aoeeramiw  meumahu.     PL  zzyLl 

t2  8L2a / 

Iwoeardia  hmulata,    PL  zzzIt.  t  10... 

LedaauttraHi,    PLziLf.  7 

ffraphiea,  PI.  zzvL  f.  1  &  2 

LkmaOordomL    PLziLf.  4 \ 

nndtigiriata,    PL  ziL  £.  5 J 

^—^seoMeula,    PLzzvLf.  15    

Imema  anomala,    PL  ziT.  f.  4 

(?)  mutrttiia,    PL  ziT. 

Mactra  trigtmaUt-    PL  ziv. 
Modiolaumetu    PLziL£5 


Middle  Uat.. 
Jnnnie  (?)  .. 

Middle  Lias.. 
JnraMic  (?) .. 


Jnnaaic  (?) . 


.f.5 I 


Jaraatlc  (?) .. 

Middle  Liai.. 

Pliocene  

Jurattic  (?) .. 
Middle  tiaa.. 

Ji]raaiic(?)  .. 

Middle  Lias., 

Jurassic  (?)  ., 


Oloneestenhlre 
WoUumbUU    ... 


Glonoestenhire  ... 

GreenoQgfa  distr. 
Greenoagh  RiTcr 
WoUumbiUa  ... 
'WoUumbiUa  ... 
WoUumbaia  ... 
WoUombiUa  ... 
Mount  Corby  ... 
WoUombilla  ... 
WollombiUa  ... 
WoUumbiUa    ... 

iWoUnmbUla  ... 
Greenougb  diitr. 
Greenough  distr. 
WoUufflbUla  ... 
WoUumbUU    ... 

Gloucestersbire  ... 


SuflbUc 

WoUumbUla    ... 
Gloucestershire 

WoUumbUla    ... 


Gloucestershire.. 

i  WoUumbUla 
WoUumbUla 
Nive  River  ... 
WoUumbUla 
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MyaMaceoyi.    Pl.xiii.f.8  

MyiiiuM  ruyo-eoitatut.     PI.  xiii.  f.  j2 

pktmu.    PI.  xiii.  f.  3 

n^tus.    PLxiii.f.4 

Myaeitet  Smtfardiu    PL  xiii.  f.  9  . . . 

ptanut,    PLxii.f.  10 

Nveula  CooperL    PL  xu.f.8 

truneata.    Pl.xn.f.9   ; 

tm^MMte.    PLxxvi.f.ll 

PMopma  ruffOMu    PL  xiii.  f.  7  

P«e<cn(?)«9i(titn«ahw.    Pl.xi.f.ll 

9oeiaU9.    PLxi.f.9 

yreenougMentu,  PLxi.f.  10... 

JImMattu,    PLxLtS 

PemayiyoMtett  ,.., 

Taneredia  plana.    PL  xiiL  f.  13 

Teredo  auttraUt.    PLxii.f.  11 

Tkraeia  WiUoni.    PLxiy.f.8  

Triyonia  Mom^.    PL  xiv.  f.  9, 10. . . 

Imeata.    PLxiiLf.  12  ) 

Venus,  sp.    PLxxxiv.f.7 


Jnrascic  (?) 


Middle  Lias. 


Jurassic  (?)  . 


Pliocene 


''Victoria  

WoUumbUla    . 
WoUnmbilla    . 
Wollumbilla    . 
W.  Australia  . 
WoUumbUla    . 
WoUumbUla    . 
\  WoUumbUla    . 
Gloucestershire  . 
(  f  Bnngeewor- 
\     gorai  Creek 
WoUumbUla    .. 
WoUumbiUa    ... 
W.  Australia   ... 

WoUumbiUa 

WoUumbUla 

WoUnmbUla 

W.Australia    ... 
r  Amby  River, 
•<      Bungeewor- 

I     gorai    

WoUumbiUa..... 

WoUumbUla 

Siiflfblk 


253 
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407 
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248 
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254 
255 
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255 
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Jetietm  Hoehitetteri.    Pl.x.f.l9... 

depreeeua.    PLx.f.20 

Jetaonina  eanarientit    

Cassidaria,  sp.  PI.  xxxiv.  f.  8  &  9 . . . 
Ceritkhm  yfyeenouyhienaiM.    PL  x.  f. 

t^er.    PLxxyi.f.8    

Slatteru    PLxxvi.f.7 

CkewmUzia  crmmeotia,  PL  xxvL  f. 
Conus  Digardinn  (?).  PL  xxxiv.  f.  5 
DelpkinMiar^fieeta.    PL  x.  f.  21 

Dentothmi  Uieaiwm   

UmaMum,    PL  xxvi.  f .  1  . . 

AreliffM  fwrnttmatft.    PLxxvi.f.  5   1 
Iditorma  biornata.   PLxxvi.f.l7...  J 

Natiea  varidbiUa.    PLx.f.  15  1 

omatieebma.    PLx.f.l6  J 

Patella  eabrma  ] 

Pleurotomaria  rarieoitaii.   PL  xxvi.  \ 

f.9&9a  J 

Ruaoma  amtralia.    PLx.f.  23 

Str^jtarotuMWriyhiiaiULa.  PLxxTLf.23 ' 

beUuiue.    PLxxvLf.22 

aratua.    PLxxvi.f.21 

Tamatella  eapneorni,  PLxxvi.f.l8 
Troekma  Thetia.    PL  xxTi.  f.  4  


Jurassic  (?) .. 

Middle  Lias.. 
iPliocene  

JUFBSSic  Q)  ., 

Middle  Lias.. 

Lower  lias ., 
PUocene 


Jurassic  (?) .. 
Lower  Lias  .. 
Middle  Lias.. 

Jurassic  (?)  .. 

Lower  lias  .. 
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Middle  Lias.. 


WoUumbUla 

Oloooestershire   .. 

Suffolk 

Greenougb  District 

Gloucestershire  .. 

Gloucestershire  .. 
Sufiblk 


WoUumbUla 

Gloucestershire 
Gloucestershire  ... 


WoUumbUla.. 


Gloucestershire 
WoUumbUla. 


Gloucestershire  .. 
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ern^Umioim j  P**^*  ^^ OUwceatenWre 

mmtnSM.    PLz.r.l7&18  JiinMlc(?) W.  Aortiilia    ... 

Volute  anris-lcporis.    Pl.xiziT.£.6...|Pliooene  ISidfolk 


P].XTill-61| 

Crwcermt muirA.    P1.xt.£.3 lUiintaic(?}. 

(?)7tatfjte,s|i.    PLzYLf.8 J 


•n  ^pper  Maranoa 
llWollDmbilUi 


SffftJM 


AKNITLOaA. 

{JmieUda.) 
(Lower  Liaa iOkiiioeatanhire 


(Cnuiaem.) 

Jmfkn  plmifetpkmhu.     PL 

f.  1-6,  PL  izzn.l  1  &2 ^ iLotierSflnrian.. 

Calymcae  aenaria.    PL  xxxii.  1 3-5 


I  LotverSflnrian...  < 

3-5  Jl  It 


Ottewa.. 
Ohio 


1403 

1404 

257 

502 
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1    402 


479 
485 


VaaraBftATA. 
(Pitea.) 
Dorypternt  HoffBunnL   PLxl]i&z]iu.|Mari-slate    jDnrham 


rg.ll. 

Hgjnikpkodom  PosiL    Pit.  L  &  it 

Pateoiamiis  cylindrodon.      PL  iiL 

£.3*4    

Pkakmaunu  braeMtto^^ondyku, 

PLxlLf.  7-9 

IfoiiMlit.    Pl.xli.f.1-6  

ProteroBanrosSpeneri.  PLzzxix.f.  1 

Aurleyi    PL  xL  f.  1    

SUmeommrui  ManMeHL    PLix.: 

Tentoaaonu.    PLiii.f.ll 

Theoodontotaonu.  PL  iiL  f.  1,2,5-10 


KimmeridgeClayiKiinmeridge 
~"    ■*  lile  of  Wight 


Wealden 
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Kimmeridge 
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[England- 


{MantmaUa^ 


Arrioola  nttioeps.    PLriiLC  1 1 

Gnliehm.    PLviiLf.  2 j 

CkaSeoikenum  scMiutt.     PL  xxix.  ^ 

t  7-10 I 

Ckomtz^hnu  PaekardL     PL  xxxiti.  f 

f.1-4  J 


Cares 


Pliocene 


Somersetshire . 


I  China  . 
1  Suffolk 
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Crioetus  tonganu.    PL  viii.  f.  6  

Hjfmui  tinmuu.   PL  zxviiL  f.  5-7. . .  1 

antiqua.    PL  zxxiiL  f.  5  &  6 ...  j 

Lemmiis  norregicus.    PL  viii.  f.  3. 

torqaatus.    PL  viii.  f.  4 

Lepua  dilavianiu.    PL  viiL  f.  5  . .., 
Jikinoeeros  nmemm,    PL  xxix.  f .  1-3  * 
Steffodom  tmemHt,    PL  xxtu.  f.  1-3 

orientaUt,    PL  zxyiii.  f.  1-4 . . 

7Vqnn» ffNeiMif .    PLxxviiL£8&9 
TrUophodm.    PLuziT.f.1-4 
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Caves  ... 
Pliocene 


Caves 
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/China  
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China  . 
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EXPLANATIOK  OP  THE  PLATES. 


PUkTB  PaOI 

^  j^(  Htpsilofhodoh  Foxu,  to  illoftnto  Prof.  T.  H.  HqxIcj'b 
^  XY  4      paper  on  ^mmlopkoiUm  Foxii,  a  new  DinoMuuiui  from  tbe 
^'[     Werfdrac/aieMeofWi^t  60 

fTuAmic  BnroBAiTSiA,  to  illnrtnite  Prof.  T.H.  Hiudey's  paper 
"^  IIL  <      cm  the  Clamfioatioii  of  the  Dmosanna,  with  ObMirationa 

^     on  the  DinoMixria  of  the  Trias 50 

•  "^  lY.  /Bkachiofoda,  to  illuetnte  Mr.  Thomas  Dayidaon's  pi^Mr  on 
-^  y.-J  &e  Brachiopoda  hi&erto  obtained  from  the  **  PeU>le-bed'* 
*^  YL  \     of  Bodleigh-Salterton,  near  Exmonth,  in  Beronihire    88 

ISicnoHS  07  SouLDBB-CLAT,  to  iUusinte  Mr,  Searles  V. 
Wood's  paper  on  the  Belation  of  the  Boulder-claj,  without 
Chalk,  of  the  North  of  England  to  the  great  ChaU^  Bonl- 
dep-day  of  the  South 90 

^  y,,,   J Tbbth  op Bodbktia,  to  illostnte  Mr. W.  A.  Sanford's  peper 
^^"'\     on  the  Bodoitia  of  Ihe  Somerset  C^Tes   131 

/Skitll  or  Stbhiosaubus  Mabsblii,  to  illustrate  Mr.  J.  W. 
h^    IX.  <      Hnlke's  paper  on  a  Crocodilian  Skull  from  Kimmeridge 

^     Bay,  Dorset 172 

•^  X^ 
-   XI. 

•^xn. 
•'xnL 
^xiv. 
•^  XV. 
•^  XVL 

-xm. 
^xvmj 

^  XIX^  Avbtbaliab  Tbbtiabt  'Cobals,  to  illustrate  Prof.  P.  Martin 
•-  THT  I  Bimesn'spApor  on  the  Fossil  Corsb(Jf(fu/fvporana)  of  ^ 
»  XXI.  J      Austrslian  O&rtiary  Deposits 296 

,  Y-^xr  /  Saubiab  Ybbtebba,  to  illustrate  Mr.  J.  W.  Hulke's  paper  on 
^^^^^  \     a  new  and  undeseribed  Wealden  Vertebra  324 

''Skbtch  Map  abd  Sbcrobs  or  Pabts  op  Yobxshibb,  Lihcolb- 

SBiBB,  ABD  NoBPOLK,  to  iUostrats  Mr.  J.  W.  Jndd's  paper 

XXHL  i      on  the  Neooomian  Sfarata  of  Yorkshire  and  linoolnshire, 

with  Notes  on  their  Belations  to  the  Beds  of  the  same  age 

throa|[^out  Northern  Europe    346 

^    irrrY  I  OsMUVDirBS  Aim  Osmubda,  to  illustrate  Mr.  W.  Carmthers's 
inirv'  1      Pf^P^'  ^°  ^  Structure  of  a  Pern-stem  from  the  Lower 
^    J^-^^'[     EooeneofHemeBay,  and  on  its  Allies,  Beoent  and  Fossil.  352 

ILiASsic  Shells,  to  illuibrate  Mr.  B.  Tate's  paper  on  the  Pal»- 
ontology  of  the  Junction-beds  of  the  Lower  and  Middle 
lias  in  Glouoestershire 408 


AusTBALiAB  Mbsoioic  Fossiu,  to  illustrate  Mr.  C.  Moore's 
paper  on  Australian  Metoioic  Geology  and  Palseontology...  260 
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Plats  Page 

V  XXVII  1 

^  XXym'  I  ^^'"^'  Fossil  Mammals,  to  illastnte  Prot  B.  Owen's  paper 
XXIX  I     on  Fossil  Benuiins' of  Maxmnals  found  in  China    432 

i^Skbtch  SscnoN  pkom  thx  Atlantic  at  Halifax  to  the  St. 
Lawubitob,  to  illQstnte  Mr.  H.  T.  Hnrn's  papw  on  two 
¥'  XXX. «       Qneissoid  Series  in  Noya  Sootia  and  New  Bmnswiok,  sup- 
posed to  be  the  Equivalents  of  the  Huronian  (Cambrian) 
^     and  Laurentian  478 

^  XXXI.  1  Tsilobitbs,  to  illustrate  Mr.  E.  Billing's  paper  on  some  Speoi- 
»-XXXTT.  J     mens  of  Lower-Silurian  Trilobites    486 

^'XXXTTT  f^'^^B  Tbbtiaby  Fossils  of  SuffolKi  to  iUustrate  Mr.  £. 

V  YiTYTv'  1      ^y  Lonkester's  Contributions  to  a  Knowledge  of  the  Newer 
^*"*"^^-l     Tertiaries  of  Suffolk  and  their  Fauna  512 

r  Map  of  the  YiciiriTT  of  Wastdalb  Cbag,  to  illustrate  Prof. 
"^  XXXV.  \      B.  Harkness's  paper  on  the  Distribution  of  Wastdale-Crag 

[     Blocks,  **  Shap-Fell  Granite  Boulders,**  in  WestmoreUnd...  520 

(Map  Ain)  Sbctiohs  of  South  Hampshieb  and  the  Isle  of 
Wight,  to  illustrate  Mr.  T.  Codrington's  paper  on  the  Su- 
perficial Deposits  of  the  South  of  Sampahire  and  the  Isle 
ofWi^t 550 

{Lepidotosaueus  Duffii,  to  illustrate  Messrs.  A.  Hancock  and 
B.  Howse's  paper  on  a  new  Ijkbyrinthodont  Amphibian 
from  the  Magnesian  Limestone  of  Midderidge,  Durham  ...  564 

r  Fossil  Peotebosauei,  to  iUustrato  Messrs.  A.  BJanoock  and 
V     XXXIX.  J      B.  Howse's  paper  on  T^tertaurvx  Speneri,  yon  Meyer,  and 

V  XL.  I      a  new  species,  Proteromurua  HuxUyi,  from  the  Marl-slate 

\     of  Midderidge,  Durham 572 

I  Simmebidge  Plbsiosaubi,  to  illustrate  Mr.  J.  W.  Hulke's 
XU.  <      paper  on  some  Plesiosaurian  Bemains  obtained  by  J.  C. 

I     Mansel,  Esq.,  F.a.S.,  in  Eimmeridge  Bay,  Dorset    622 

IBestoratioh  akd  Specimens  of  Dobtptebus  Hofmanni,  to 
illustrate  Messrs.  A.  Hancock  and  B.  Hovrse's  paper  on 
Dorwptenis  Hoffmanni,  Germar,  from  the  Marl-slate  of 
MicfderJd^  Dmham 641 
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EBRATA  BT  COSKIGEKDA. 


Pa^  417,  line  9,  after  **  Chairman  "  intert  "  (Sir.  P.  ^erton).** 
„   468, line  1 1, qfter '* Chairman " iiuert " (B. A. C. Godwin- Autton, Eaq.)" 

„    633,  line24,rfrfe"Talley." 

„    572,  Explanation  of  Plate  XXXIX,  add  "  two-thirda  natural  siie.** 
XL.,  add  "  natural  sue." 
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GEOLOGICAL  SOCIETY  OF  LONDON. 


ANNUAL  GENERAL  MEETING,  FEB.  18, 1870. 

BEPOSI  OP  THE  COjnSCIL  FOB  1869. 


The  Comicil  of  the  Geological  Society,  in  presenting  their  Report 
for  the  year  1869,  have  again  to  congratulate  the  Fellows  on  the 
continued  prosperity  of  the  Society,  although  from  the  numerous 
deaths  which  have  taken  place  among  the  Fellows,  their  numher 
has  not  increased  so  much  even  as  last  year. 

The  numher  of  new  Fellows  elected  is  54,  of  whom  44  paid  their 
fees  before  the  end  of  the  year,  making,  with  8  previously  elected 
Fellows  who  paid  their  fees  in  1869,  an  effective  increase  of  62 
Fellows.  But  against  this  we  have  to  place  the  loss  of  25  Fellows 
by  death,  and  of  9  by  resignation,  giving  a  net  increase  of  18  ordi- 
nary Fellows.     The  number  of  Contributing  Fellows  is  now  511. 

^e  death  of  2  Foreign  Members  and  of  1  Foreign  Correspondent 
was  announced  in  1869. 

The  total  number  of  Fellows  and  Foreign  Members  and  Corre- 
spondents of  the  Society  at  the  end  of  1868  was  1204 ;  and  at  the 
end  of  1869,  1222. 

The  Council  have  much  gratification  in  reporting  that  the  In- 
come of  the  year  1869  has  exceeded  the  Expenditure  by  X98  15<.  9</., 
notwithstanding  the  investment  of  £200  in  the  purchase  of 
jt214  Ss,  lOd,  of  3  per  cent.  Consols.  The  total  Keceipts  were 
£1966  11«.  5cf.,  and  the  total  Expenditure  £1867  15s,  8d. 

With  regard  to  the  Arrears  of  Contributions,  noticed  in  the 
Beport  of  the  Auditors  as  being  due  from  FeUows,  the  amount 
of  which  appears  to  be  considerable,  it  may  be  observed  that  about 
one-third  of  this  amount  is  due  from  Fellows  who  have  been  for 
some  time  resident  abroad,  or  whose  address  cannot  be  discovered ; 
and  a  considerable  part  of  the  rest  is  irrecoverable,  although  every 
endeavour  has  been  made  to  obtain  payment. 
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The  Council  have  to  annoimoe  the  ooropletioD  of  Vol.  XXV.  of  the 
Quarterly  Journal,  and  the  puhlication  of  the  first  part  of 
Vol.  XXVI. 

The  Council  have  also  to  announce  the  puhlication  of  the  new 
Edition  of  Mr.  Ormerod's  Index  to  the  various  puhlications  of  the 
Society,  which  is  hrought  down  to  the  end  of  Vol.  XXIV.  of  the 
Quarterly  Journal.  The  delay  in  the  production  of  this  work  is  due 
to  the  detection  of  certain  errors,  mostly  uncorrected  misprints  in 
the  first  edition  of  the  Index,  which  rendered  the  collation  of  all  the 
references  necessary. 

The  Council  have  awarded  the  "Wollaston  Medal  to  M.  G.  P. 
Deshayes,  Professor  of  Natural  History  in  the  Musee  d'Histoire 
NatureUe,  Paris,  in  testimony  of  appreciation  of  his  valuahle  pa]»- 
ontological  lahours,  especitdly  his  recently  completed  magnificent 
work  on  the  Invertehrate  Fossils  of  the  Paris  hasin. 

The  Balance  of  the  proceeds  of  the  Wollaston  Fund  has  heen 
awarded  to  M.  Marie  Eouault,  Birecteur  Conservateur  du  Mus^ 
Geologique  de  Eennes,  in  aid  of  those  valuable  researches  upon  the 
Palaeontology  of  the  Silurian  and  Devonian  rocks  of  Brittany  which 
he  has  already  carried  on  for  years  with  most  important  results, 
notwithstanding  the  pressure  of  great  difficulties. 


B(^eTt  of  ihi  Library  and  MMsmm  C<mfnitte€,  186^-1870. 

Idhrary. 

The  Standing  Uhrary-Oommittee  have  continued  from  time  to 
time  to  make  additions  to  the  Library  by  the  purchase  of  such  books 
as  they  thought  would  prove  useful  to  the  Fellows ;  and  amongst 
these  the  following  valuable  works  may  be  quoted : — 

Schimper's  *  Traite  de  Paleontologie  Veg^tale,*  the  first  volume, 
with  a  folio  Atlas  of  60  Plates  ;  the  *  Histoire  NatureUe  des  Coral- 
liaires/  by  MM.  Milne-Edwards  and  Haime,  in  3  volumes,  and  the 

*  Histoire  NatureUe  des  Echinodermes,'  by  MM.  Dujardin  and  Hup^, 
forming  part  of  the  '  Suites  k  Bufibn ; '  Beer's  *  Miocene  Baltische 
Flora ; '   Coster's   *  Protozoe  Helvetica,'   Parts   1  and  2 ;  Coster's 

*  CoralUen  de  "Wlmrais  ; '  Bumortier's  *  Etudes  pal^ontologiques  sur 
les  Depots  Jurassiques  du  Bassin  du  Rhone ; '  and  the  *  Voyage 
Geologique  dans  les  E^pubHques  de  Guatemala  et  de  Salvador,'  by 
MM.  A.  Dollfus  and  E.  Mont-Serrat ;  also  the  continuations  of  the 
foUowing  important  publications  :  Eichwald's  *  Lethcea  Rossica,' 
Quenstedfs  *  Petrefiictenkunde  Beutsehlands,'  the  *  Palaeontogra- 
phica,'  the  *  Paleontologie  Francaise,'  and  Alph.  Milne- Edwards's 

*  Rechcrches  Anatomiques  et  Paleontologiques  pour  servir  h  I'Histoire 
des  Giseaux  Fossiles  de  la  France.' 

.  A  great  number  of  valuable  donations  have  been  made  to  the 
Library  during  the  past  year,  and  these  include,  besides  periodicals 
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and  the  publications  of  Learned  Societies^  many  separate  wotks  of 
importance,  sach  as : — 

A  portion  of  Fictef  a  '  Hatdrianx  poor  la  ^leontologie  SoL^e/ 
containing  a  Monograph  of  the  Yalangian  beds  of  Arzier,  bj  IIM. 
Pictet  and  de  Loriol ;  M.  Elie  de  Beaamonfs  '  Ba|^rt  sor  ks  progK-a 
de  Stratigraphie  en  France ; '  Sir  Proby  T.  CantlcT's  '  Beport  oa  the 
Ganges  Canal,'  in  3  vols.  8yo,  with  a  large  loKio  Atlas  of  Plates,  2 
copes,  one  presented  by  the  author,  the  other  by  W.  T  Thornton, 
£»q. ;  the  Publications  of  the  Musee  Teyler,  containing  pabHm- 
tological  Memoirs  by  M.  T.  C.  'Winkler ;  '  ICaterianx  poor  la  Carte 
geologique  de  la  Suisse,'  livr.  YI.,  containing  a  notice  of  the  Jn- 
rassic  strata  of  the  Cantons  de  Yaud  and  Neuchatel,  by  3L  A^s?. 
Jaccard ;  £.  Farre's  '  Description  des  Mollnsques  Fo^es  de  la 
Craie  des  environs  de  Lembeig  en  Galicie ;  *  M.  de  TchihatdM^s 
*  Afiie  Mineure,  Geologic,'  Parts  2  and  3 ;  Dr.  Bigsby*8  •  Thesaun^ 
Silnricns  '  (2  copies) ;  the  fifth  and  concluding  Tolume  of  M.  Ton 
Kokscharow's  '  Materialien  zur  Mineralogie  Russlands ; '  and  Hr. 
E.  B.  Smyth's  '  Gold  fields  snd  Mineral  Districts  of  Victoria/ 

A  good  many  Maps  and  Plans  have  been  added  to  the  Society's 
Collection ;  they  include  the  Maps  of  the  Geologieal  Snnreys  <jf 
Yictoria  (3  sheets,  with  2  plates  of  sections,  &c.),  Austria  (2  sheets), 
Sweden  (5  sheets,  with  5  parts  of  descriptions),  and  Switzerland 
(2  sheets);  also  Sir  W.  E.  Logan's  Geological  Map  of  Canada  (in  d 
sheets),  and  the  Maps  of  the  Geological  Society  of  the  Middle  Bbiue 
(Lauterbach-Salzsehlirf  Section).  Besides  these  the  Society  Las 
receiYed  a  great  number  of  the  Maps  of  the  Ordnance  Sur\'ey,  and 
of  Charts  and  Plans  of  sea-coasts^  harbonrs,  and  channels  in  various 
parts  of  the  worlds  from  the  French  Depot  de  la  Marine. 

Daring  the  past  year  the  Library  has  been  completely  ezamiccd 
and  pat  in  good  working  order ;  the  Catalogue  has  also  been  care- 
folly  collated  with  the  Books  and  corrected.  New  boxes  have  bc-in 
provided  for  the  loose  numbers  of  the  current  periodicals. 


Museum, 

Some  donations  of  specimens  illustrative  of  papers  read  before  the 
Society  have  been  received.  Several  ^mall  Colleetions  of  Fofrtils 
which  had  been  lying  loose  about  the  MuEcnm,  have  been  placed  in 
new  Trays  and  Store-boxes. 


THOS.  WILTSHIBE.. 
J.  GWYN  JEFFBEYS. 
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Comparative  SUUetMnt  of  the  Number  of  the  Society  at  the  close  of 
the  years  1868  and  1869. 


Compounders 

Contributiiig  Fellows 

Non-contributmg  Fellows . 


Honorary  Members    .... 

Foreign  Members   

Foreign  Correspondents. . 


Dec  31,  1868. 

Dec.  31, 1869. 

206 

210 

487 

511 

430 

420 

1123 

1141 

3 

3 

41 

39 

37 

39 

1204  1222 


OeneraH  Statement  explanatory  of  the  Alteration  in  the  Number  of 
FellowSy  Honorary  Menders,  ^c,  at  the  dose  of  the  years  1868 
and  1869. 


Number  of  Compounders,  Contributing  and  ] 

Non-oontributing  Fellows,  December  31,  v  1123 

1868 J 

Add  Fellows  elected  during  former  year,  and  1  g 

paid  in  1869     / 

Add  Fellows  elected  and  paid  in  1869 44 


1176 

Deduct  Compounders  deceased 8 

Contributing  Fellows  deceased    8 

Non-contributing  Fellows  deceased 9 

Contributing  Fellows  resigned    9 

—        34 

1141 
Number  of  Honorary  Members,  Foreign  1 
Members,  and  Foreign  Correspondents,  \   81 

December  31,  1868   J 

Add  Foreign  Correspondents  elected    3 

84 

Deduct  Foreign  Members  deceased 2 

Foreign  Correspondents  deceased . .  1 

—      3 

—  81 

1222 
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DiHSAffliB  Fellows. 
Campcfurndtrg  (8). 


A.  IL  Barday,  Eaq. 
Rey.  J.  Baiiow. 
Sir  C.  W.  Dilke,  Bart 
R.  Fort,  Eaq. 


T.  Graham,  Eaq. 

P.  Boget,  M  JD. 

J.  W.  Salter,  Eaq. 

Sir  T.  MaT7on'Vril80ii»Btft. 


Rmdent  and  other  Contributing  FeUows  (8). 

C.  W.  Macrae,  Eaq. 
B.  N.  Eabidge,  M.B. 
J.  Simpson,  Eaq. 
Rev.  T.  Wollaston. 


J.  Dickinson,  Esq. 

J.  Harria,  Esq. 

Sir  J.  Y.  Johnstone,  Bart 

Eer.  S.  W.  King. 


Gapt  Chenay. 

W.  Clarke,  M.D. 
J.  D.  Forbes,  LL.D. 
/.  Hedlej,  Esq. 
J.  B.  Jokes,  Esq. 


NonrWnJtributing  Fellows  (9). 

Bey.  J.  H.  Randolph. 
J.  N.  Saunders,  Esq. 
R.  White,  Esq. 
Rev.  W.  Wilson. 


Foreign  Members  (2). 

M.  le  Yicomte  d'Archiac. 
Dr.  Hermann  von  Meyer. 

Foreign  Correspondent  (1). 
Dr.  B.  Shumard. 


Bev.  S.  Brooke. 

H.  Conybeare,  Esq. 

F.  HOI,  Esq- 

E.  H.  Jarvis,  Esq. 

D.  G.  F.  Macdonald,  Esq. 


Fellows  Besigned  (9). 

W.  H.  Nevill,  Esq. 
G.  Paddisen,  Esq. 
Rev.  R.  N.  RnsseU. 
N.  T.  WethereU,  Esq. 


ThefoU&unng  Personages  were  elected  Foreign  Correspondents  during 
the  year  1869. 


Prof.  F.  Zirkel,  of  Kiel. 

Dr.  J.  F.  Brandt,  of  St.  Petersbnrg. 

Prof.  A.  E.  Nordenskiold,  of  Stocldiohn. 
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ThefoUowing  Persons  were  elected  Fellows  daring  the  year  1869. 

January  13th. — ^William  Groome,  Esq.,  B.A.,  St  John's  College, 
Cambridge. 

27th. — Arnold  Lupton,  Esq.,  Salter  Gate,  Chesterfield ;  and 

Dr.  George  Rogers,  Longwood  House,  Bristol. 

February  10th.— M.  A.  Tackhadakar,  Esq.,  3  St.  George's  Terrace, 
Regent's  Park,  N.W. ;  and  Heniy  Spicer,  Jun.,  Esq.,  22  High- 
'  bury  Crescent,  N. 

24th. — Henry  Cook,  M.D.,  H.M.Bombay  Medical  Service;  Lieut. 

W.  Innes,  R.E. ;  H.  R.  Moiser,  Esq.,  Heworth  Grange,  York  ; 
R.  Hill  Tiddeman,  Esq.,  B.A.,  Oriel  College,  Oxford ;  and  Samuel 
AUport,  Esq.,  Snow  Hill,  Birmingham. 

March  10th. — ^Thomas  Bloxam,  Esq.,  F.C.S.,  Lecturer  on  Chemistry 
in  Cheltenham  College;  and  Joseph  John  Murphy,  Esq.,  Old 
Forge,  Dunmurry,  Co.  Antrim. 

24th. — Rev.  Samuel  Norwood,  B.A.,  Royal  Grammar  School, 

Whalley,  Lancashire. 

April  14th. — Capt.  William  Price,  M.P.,  Tibberton  Court,  Gloucester ; 
Sir  David  Wedderbum,  Bart.,  M.P.,  17  Pall  Mall ;  A.  Rogers, 
Esq.,  Bombay  Civil  Service,  Heath  End  House,  Hampstead ;  W.  E. 
Koch,  Esq.,  31  Oxford  Square,  Hyde  Park;  and  Rev.  James 
Kernahan,  M.A.,  Ph.D.  (Rostock),  50  Greenwood  Road,  Dalston. 

April  28th.— Daniel  Jones,  Esq.,  Donington,  Wolverhampton ;  and 
T.  H.  G.  Wyndham,  Esq.,  Fellow  of  Merton  College,  Oxford. 

May  12th. — Francis  Henry  Brown,  Esq.,  Bishwell,  near  Swansea; 
Samuel  Jenkins,  Esq.,  13  Clement's  Inn  Passage,  W.C. ;  Lieut. 
W.  H.  James,  R.E.,  Brompton  Barracks,  Chatham ;  Charles  Lam- 
bert, Esq.,  3  Queen  Street  Place,  E.C. ;  Gordon  Broome,  Esq., 
1  Graham  Street,  S.W. ;  and  Thomas  William  Gardner,  Esq., 
Assoc.  Inst.  C.E.,  10  St.  Augustine's  Road,  Camden  Square,  N.W. 

26th.— E.  Story,  Esq.,  M.A.,  3  King  Edward  Terrace,  Liver- 
pool Road,  N. ;  F.  W.  Harmer,  Esq.,  Eteigham  Grove,  Norwich ; 
and  Henry  J.  Fotherby,  M.D.  Lond.,  40  Trinity  Square,  Tower 
Hill,  E. 

June  9th. — ^William  Shelford,  Esq.,  Mem.  Inst.  C.E.,  7  Westminster 
Chambers,  Victoria  Street,  S.W. ;  E.  Teschemacher,  Esq.,  1  High- 
bury Park,  N. ;  G.  L.  Houstoun,  Esq.,  Johnstone  Castle,  Johnstone, 
N.B. ;  and  T.  P.  Barkas,  Esq.,  Newcastle-on-Tyne. 

23rd. — G.  H.  Wollaston,  Esq.,  Geological  Survey  of  England 

and  Wales ;  Richard  Pearce,  Esq.,  Swansea ;  Richard  Moreland, 
jun.,  Esq.,  Old  Street,  E.C;  James  N.  Shoolbred,  Esq.,  B.A., 
Assoc.  Inst.  C.E.,  3  York  Buildings,  Dale  Street,  Liverpool; 
Fritz  Gillman,  Esq.,  14  Ashley  Place,  Westminster,  S.W. ;  and 
Richard  Abbay,  Esq.,  B.A.,  Fellow  of  Wadham  College,  Oxford. 

November  10th. — E.  Hartley,  Esq.,  Geological  Survey  of  Canada, 
Montreal. 

24th.— Robert  A.  Barker,  M.D.,  Civil  Medical  Officer,  Cachar, 

Bengal. 

December  8th. — ^Charles  E.  De  Ranee,  Esq.,  Geological  Survey  of 
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England  and  Wales ;  John  E.  Taylor,  Esq.,  Hon.  Secretary,  Nor- 
wich Geologieal  Society,  Braoondale,  Norwich;  Rev.  George 
Henslow,  M.A.,  St.  John's  Parsonage,  St.  John's  Wood,  N.W. 
C.  J.  A.  Meyer,  Esq.,  8  Church  Buildings,  Clapham  Common,  S.W. 
J.  Harper,  Esq.,  Claremont  House,  Chaucer  Road,  Dulwich,  S.E. 
John  Yeats,  LL.D.,  Clayton  Place,  Peckham,  S.E. ;  J.  S.  Holden! 
M.D.,  Glenarm,  co.  Antrim ;  David  Rohertson,  Esq.,  4  Regent's 
Park  Terraoe,  Glasgow;  Walter  Buller,  Esq.,  E.L.S.,  Wanganui, 
New  Zealand ;  and  J.  H.  Collins,  Esq.,  Royal  Institution  of  Corn- 
wall, Truro. 
Becemher  22nd. — John  Hopkinson,  Esq.,  8  Lawn  Road,  Haverstock 
Hill,  N.W. ;  Samuel  John  Sanders,  Esq.,  M.A.,  Vice-Master  of 
the  Beds  Middle  Class  School,  Bedford ;  and  Jahez  Church,  Esq., 
CE.,  17b  Great  George  Street,  S.W. 


The  following  Donations  to  the  Museum  have  been  reoeived  since 
the  last  Anniversary  Meeting* 

Specimens  of  Rocks  from  Venezuela  and  Guyana;  presented  by 
Ralph  Tate,  Esq.,  F.G.S.,  and  —  Matthews,  Esq. 

Model  of  a  large  Gold  Nugget  from  Sutherland ;  presented  by  Prof. 
Tennant,  P.G.S. 

Maps,  Cha^rts,  etc.  prbbbittei>. 

Geologieal  Survey  Maps  of  Victoria,  Sheets  13  and  14  N.W.,  26  S.E., 
and  2  Sheets  of  Sections  and  Explanations  to  Sheets  14  and  26 ; 
presented  by  the  Director  of  the  Geological  Survey  of  Victoria. 

Geological  Survey  Maps  of  Austria,  Shoots  6  and  10,  by  F.  Ritter 

von  Hauer ;  presented  by  the  author. 

Geological  Survey  Maps  of  Sweden,  Sheets  26-30,  with  6  Parts 
of  Description ;  presented  by  the  Director,  Prof.  A.  Erdmann. 

Geological  Survey  if  aps  of  Switzerland,  Sheets  3  and  20 ;  presented 
by  the  Swiss  Geological  Commission. 

Geological  Map  of  Canada  (in  8  Sheets),  by  Sir  W.  E.  Logan, 
r.G.S. ;  presented  by  the  author. 

Geological  Map  of  the  Lauterbach-Salzschlirf  Section ;  presented  by 
the  Geological  Society  of  the  Middle  Rhine. 

Ordnance-Snrvey  Maps,  England,  1-inch  scale,  Sheets  106  S.W. 
and  N.W.,  107  N.E.,  S.W.,  and  S.E.,  108  S.W.,  and  109  N.W. ; 
6-inch  scale,  Middlesex,  Sheets  1-10, 14, 15,  19,  20,  24,  and  2o  ; 
Devonshire,  Sheets  116,  122,  124,  128,  and  130,  and  Titles  for 
Cumberland,  Durham,  Northumberland,  and  Westmoreland ;  and 
County  Index  for  Northumberland :  Scotland,  1-inch  scale.  Sheet 
26 ;  6-inch  scale,  Aberdeen,  41,  49, 50,  64,  65, 67, 72-74,  76-79, 
83-85,  87-91,  93,  96-100, 102-108, 110,  and  111 ;  Argyle,  162, 
163,  172,  173,  182-184, 193-195,  203,  204,  214-216,  225-228, 
237,  238,  241,  242,  244,  and  248-266,  and  Titles  for  Ayrshire, 
Forfarshire,   Perthshire    and   Clackmannan,   and  Selkirk;    and 
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Goonty  Indexes  for  Perth  and  Stirling ;  and  Ireland,  Sheets  17, 
22,  40,  and  41 ;  presented  by  the  Secretary  of  State  for  War. 
Charts  and  Plans  presented  by  the  French  Depdt  de  la  Marine. 


The  following  lists  contain  the  Names  of  Persons  and  Public 
Bodies  from  whom  the  Society  has  received  Donations  to  the  Library 
and  Museum  since  the  last  Anniversary  Meeting,  February  19, 1869. 


I.  List  of  Societies  and  Public  Bodies  from  whom  Donations  of  Books 
have  been  received  since  the  last  Anniversary  Meeting. 


Basel,  Natural-History  Society 
of. 

Bath,  Natural-History  and  Anti- 
quarian Field  Club  of. 

Berlin.  German  Geological  So- 
ciety. 

.   Society  of  Naturalists  at. 

.   Eoyal  Prussian  Academy. 

Berwick.  Berwickshire  Natu- 
ralists* Field  Club. 

Bordeaux,  Linnean  Society  of. 

,   Society  of  Physical  and 

Natural  Sciences  o£ 

Boston,  Public  Library  of. 

,  Society  of  Natural  His- 
tory of. 

Breslau.     Silesian  Society. 

Brussels.  Royal  Academy  of 
'  Belgium. 

,  Eoyal  Observatory  of. 

Caen.  Linnean  Society  of  Nor- 
mandy. 

Cfdcutta.  Asiatic  Society  of 
Bengal. 

Cambridge,  Philosophical  Society 
of. 

Canadian  Institute. 

Christiania,  Eoyal  Academy  of. 

,  University  of. 

Copenhagen.  Eoyal  Danish  Aca- 
demy. 

Cornwall  and  Devonshire  Miners' 
Association. 

Darmstadt.  Geological  Society 
of  the  Middle  Bhine. 


Devonshire.  Scientific  Associ- 
ation. 

Dorpat,  Natural-History  Society 
of. 

Dresden,  (Isis)  Natural-History 
Society  of. 

Dublin.    Eoyal  Dublin  Society. 

.     Eoyal  Geological  Society 

of  Ireland. 

.     Eoyal  Irish  Academy. 

East  India  Association. 
Edinburgh,  Geological  Society  of. 
,  Eoyal  Physical  Society  of. 

Florence.  Italian  Society  of 
Natural  Sciences. 

Geneva,  Physical  and  Natural- 
History  Society  of. 
German  Scientific  Association. 
Giessen.  Upper-Hessian  Society. 
Glasgow,  Geological  Society  of. 

Haarlem,  Society  of  Sciences  of. 

.     Musee  Teyler. 

HaHfax.   Nova-Scotian  Institute 

of  Natural  Science. 
Hanau.    Wetteravian  Society  of 

Natural  History. 
Harvard  College. 
Heidelberg,  Natural-History  and 

Medical  Society  of. 

Indian  Government. 

Lausanne.  Yaudoise  Society  of 
Natural  Sciences, 


Digitized  by 


Google 


AHirirAL  BXPOBT. 


Leeds,  literarj  and  Philosophical 

Society  of. 
liveipool.  Geological  Society  of. 
.     Historic  Society  of  Lan- 
cashire and  Cheshire. 
LoDdon,  Anthropological  Society 
of. 

,  Art  Union  of. 

.     British  Association. 

.     Chemical  Society. 

.     Geological  Survey. 

.     Geologists'  Association. 

.     Institute  of  Actuaries. 

.  Institution  of  Civil  En- 
gineers. 

.     linnean  Society. 

.     Metropolitan    Board    of 

Works. 
.     Paheontographical     So- 
ciety. 

.     Photographic  Society. 

.     Qnekett      Microscopical 

Chih. 

.     Ray  Society. 

.     Boyal  Agricultural  So- 
ciety of  England. 
•     Koyal  CoUege   of   Sur- 
geons. 
.     Boyal  Geographical  So- 
ciety. 

.     Eoyal  Horticultural  So- 

dety. 

.    Boyfd  Institution. 

.     Eoyal  Society. 

.     Society  of  Arts. 

.    Victoria  Institute. 

.    War  OfBce. 

,  Zoological  Society  of. 

Maine,  CommissionerB  of  Pish- 
eries  of. 

Manchester,  Geological  Society  of. 

y  Literary  and  Philosophical 

Society  of. 

Melhoume.  Geological  Survey 
of  Victoria. 

.  Mining  Survey  of  Vic- 
toria. 

Milan.  Itnlian  Society  of  Na- 
tural Sciences. 


Milan.  Eoyal  Lombard  Insti- 
tute. 

Montreal,  Natural-History  So- 
cio^ of. 

Moscow,  Imperial  Society  of 
Naturalists  of. 

Munich,  Academy  of  Sciences  of. 

Neuchfttel,  Society  of  Natural 
Sciences  of. 

Newcastle-on-Tyne.  Natural- 
History  Society  of  Northum- 
berland and  Durham. 

Neiv  York,  Lyceum  of  Natural 
History  of. 

,  State  Cabinet  of. 

New  Zealand,  Geological  Survey 
of 

,  Government  of. 

Institution. 

Offenbach,  Natural-History  So- 
ciety of. 

Palermo,  Institute  of   Natural 

Sciences  of. 
Paris.    Academy  of  Sciences. 

.     Depot  de  la  Marine. 

.      Geological    Society    of 

Prance. 
Philadelphia,  Academy  of  Natural 

Sciences  of. 
.    American    Philosophical 

Society. 
Plymouth  Institution. 
Portland,    Society    of    Natural 

History  of. 
Puy.     Society    of    Agriculture, 

Arts,  (fee. 

Salem.  Peabody  Academy  of 
Sciences. 

.     Essex  Institute. 

St.  Petersburg,  Academy  of  Sci- 
ences of. 

Stockholm.  Eoyal  Swedish  Aca- 
demy. 

Stuttgart.  Natural-History  So- 
ciety of  Wiirttemberg. 
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Switzerland,  NaturaUHlstory  So- 
ciety of. 

Sydney.  Royal  Society  of  New 
South  Wales. 

Tcignmouth.    Teign  Naturalists' 

Field  Club. 
Turin,  Boy  al  Academy  of  Sciences 

of. 

United  States,  Patent  Office  of. 


Vienna,    Imperial   Academy  of 

Sciences  of. 
,  Geological  Institute  oil 

Warwickshire  Naturalists'  Field 

Club. 
Woolhope     Naturalists'      Field 

Club. 
Washington,  National  Academy 

of  Sciences  of. 
.    Smithsonian  InstituUiMi. 


II.  last  containing  the  names  of  Persons  from  whom  Donations 
to  the  Library  and  Museum  have  been  received  since  the  last 
Anniversary  Meeting. 


Academy,  Editors  of  the. 

Agassiz,  Prof.  L.,  F.M.G.S. 

Agriculture,  United  States  Com- 
missioner of. 

American  Journal  of  Science, 
Editors  of  the. 

American  Naturalist,  Editors  of 
the. 

Annales  des  Mines,  Editors  of 
the. 

Ansted,  Prof.  D.  T.,  F.G.S. 

Athenaeum,  Editor  of  the. 

Baily,  W.  H.,  Esq.,  F.G.S. 
Barrande,  M.  J.,  F.M.G.S. 
Bauerman,  H.,  Esq.,  F.G.S. 
Beaumont,  Prof.  Elie  de,  F.M.G.S. 
Bianconi,  M.  G.  G. 
Bigsby,  Dr.,  F.G.S. 
Boccardo,  G. 
Bolton,  John,  Esq. 
Brayley,  Prof.  E.  W.,  F.G.S. 
Brodie,  Rev.  P.  B.,  F.G.S. 
Brown,  R.,  Esq. 
Burmeister,  Dr.  H. 

Canadian  Journal,  Editors  of  the. 

Capanema,  M.  G.  S. 

Cartailhac,  M. 

Cautley,  Sir  Proby  T.,  F.G.S. 

Ciofalo,  M.  S. 

Chemical  News,  Editors  of  the. 


Christy,  H.,  Esq.,  Executors  of 

the  late. 
Colliery  Guardian,  Editor  of  the, 
Cotteau,  M.  G. 
Cowell,  Mr.  S.  H. 
Credncr,  M.  H.,  F.C.G.S. 
Croll,  J.,  Esq. 

DaUas,  W.  S.,  Esq. 
D'Ancona,  M.  C. 
Darwin,  C,  Esq.,  F.G.S. 
Daubr^,  M.,  F.M.G.S. 
Davidson,  T.,  Esq.,  F.G.S. 
Dutton,  F.  S.,  Esq. 

Eckman,  M. 

Ehrenberg,  Prof.  C.  G.,  F.M.G.S. 

Enniskillen,  Earl  of;  F.G.S. 

Erdmann,  Dr. 

Erioni,  M.  A. 

Evans,  John,  Esq.,  F.G.S. 

Fairman,  E.  St.  John,  Esq.,  F.G.S. 
Favre,M,  A.,  F.C.G.S. 
Favre,  M.  E. 
Fischer,  Dr.  C.  F. 
Fisher,  Rev.  0.,  F.G.S. 
Fuchs,  M.  T. 

Geikie,  A.,  Esq.,  F.G.S. 
Geological  and  Natural-History 
Repertory,  Editor  of  the. 
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Geol<^cal  Magazine,  Editors  of 

the. 
Gibb,  Kr  Dancan,  F.G.S. 
Grewingk,  M.  C 
Griesbach,  M.  K. 

Haidinger,  Prof.W.  von,  F.M.G.S. 
HaUoy,  M.  J.  J.  d'OmaHus  d', 

F.M.G.S. 
Hebert,  M.  E.,  F.C.G.S. 
Hector,  Dr.  James,  F.G.S. 
HeUer,  M.  C. 
Helmersen,    General    G.    von, 

fjj:.g.s. 

Henwood,  W.  J.,  Esq.,  F.G.S. 
HoU,  Dr.  H.  B.,  F.G.S. 
Hopkioson,  Jobn,  Esq. 
Humbert,  M.  A. 
Huxley,  Prof.  T.  H.,  F.G.a 

Jenris,  Cav.  W.,  F.G.S. 
Jerwood,  James,  Esq. 
Jones,  Pro£.  T.  R.,  F.G.S.  j 

Jonmal  of  Travel  and  Xatoral 

History,  Editor  of  the. 
Jahrbacb  fiir  Mineralogie,  Geo- 

logie,  &c.,  Editors  of  the. 

Earrer,  Dr.  F. 

Eeene,  W.,  Esq.,  F.G.S. 

King,  Prof.  W. 

Kirkby,  J.,  Esq. 

Kokacharow,  M.  N.  von,  F.C.G.S. 

Lappaient,  3L  de. 

Lartet,  M.  E.,  F.lf  .G.8. 

lAnbe,  Dr.  G.  C. 

Lea,  J.,  Esq. 

Leitner,  Dr.  G.  W. 

lieymerie.  If.  A. 

Linnarsson,  M.  J.  G.  O. 

L(^an,  Sir  W.  E.,  F.G.S. 

Lc^n,  T.,  Esq. 

London,  Edinburgh,  and  Dublin 
Philosophical  Magazine,  Edi- 
tors of  the. 

Longman  &  Co.,  Messrs. 

Lowe,  E.  J.,  Eaq.,  F.G.S. 

Lndwig,  M.  U. 


Lutkcn,  M.  C.  F. 

Lyell,  Sir  Charlea,  Bait.,  F.G.8. 

•  Mack,  M.  A. 
Mallet,  F.  R,  Esq.,  F.G.8. 
Mawh,  Prof.  O.  C,  F.G.S. 
Mayer,  M.  K. 
Mechanics'  Maganne,  Eiitor  of 

the. 
Medical     Press     and    Circular, 

Editor  of  the. 
Meek,  F.  B.,  Esq. 
Merian,  Dr.  P.,  F.M.G.S. 
Miller,  Prof.  W.  H.,  F.G.S. 
Mojsisovics,  M.  E.  von. 
Monthly  Microscopical  Journal, 

Editor  of  the. 
Moms,  Prof.  John,  F.G.S. 

!  Xaturalisto'  Note  Book,  Editor 
rfthc. 

•  Nature,  Editor  of. 
Newberry,  Dr.  J.  8. 

'  Nielreich,  Dr.  A. 

1  Nordenakidld,ProtA.£.,F.C.GJ3. 

:  Oldham,  Dr.  T.,  F.GJS. 

I 

I  PartLcr,  W.  K.,  Esq. 

I  Peacock,  R.  A.,  Esq. 

:  Peters,  Dr.  Karl  F. 

j  Pictet,  M.  F.  J.,  F.C.G.S. 

•  Pourtales,  Count  L.  de. 
;  Prestwich,  Jos.,  Esq.,  F.G.S. 

'  Quarterly  Journal  of  Microscopie 

t       Science,  Editors  of  the. 

i  Quarterly   Journal    of    Science, 

Editors  of  the. 
I  Quetelet,  M.  A. 

{  Ramsay,  A.,  Esq.,  jun.,  F.G.S. 
j  RencTier,  M.  E. 
I  Reuss,  Prof.  A.  E.,  F.C.G.S. 
,  liigaux,  M.  A. 

i  Revue  des  Cours  Sdentifiqnes, 
Editors  of  the. 

Richtliofen,  M.  F.  von. 

Ricdl,  Dr.  M. 

Riitimeyer,  M.  L. 
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Sarwage,  M.  E. 
Scientific  Opinion,  Editor  of. 
Shelford,  W.,  Esq.,  F.G.S. 
Smyth,  E.  Brough,  Esq.,  F.G.S. 
Smyth,  W.  W.,  Esq.,  F.G.S. 
Spreafico,  M.  E. 
Steen,  M.  Adolf. 
Student    and    Intellectual    Ob- 
server, Editor  of  the. 
Studer,  Prof.  B. 

Tate,  G.,  Esq.,  F.G.S. 
Tate,  B.,  Esq.,  F.G.S. 


Thornton,  W.  T.,  Esq. 
Trautschold,  M.  H. 
Trutan,  M. 
Tschermak,  M.  G. 

Waagen,  Dr.  W. 
Walker,  Wm.,  Esq. 
Williamson,  W.  C,  Esq. 
Watshire,  Rev.  T.,  F.G.S. 
WincheU,  Prof.  A. 

Zirkel,  Prof.  F.,  F.C.G.S. 


List  of  Papebs  read  since  the  hist  Anniversary  Meeting, 
February  19th,  1869. 
1869. 
February  24th. — On  the  British  Pos^lacial  Mammalia,  by  W.  Boyd 

Dawkins,  Esq.,  M.A.,  F.R.S. 
March  10th. — On  the  Origin  of  the  Northampton  Sand,  by  J.  W. 

Judd,  Esq.,  F.G.S. 
On  the  Occurrence  of  the  Kemains  of  Pterygotus  and 

Eurypterus  in  the  Upper  Silurian  Bocks  in  Herefordshire,  by  the 

Bev.  P.  B.  Brodie,  F.G.S. 
March  24th. — On  the  Cretaceous  Strata  of  England  and  the  North 

of  France,  compared  with  those  of  the  West,  South-west,  and 

South  of  France,  and  the  North  of  Africa,  by  Prof.  Henri  Coquand, 

of  Marseilles  ;  communicated  by  J.  W.  Flower,  Esq.,  F.G.S. 
On  the  Structure  and  Affinities  of  Sigillaria  and  allied 

Genera,  by  W.  Carruthers,  Esq.,  F.G.S. 

-  On  the  British  Species  of  the  Genera  Climacograpsus, 


Diplograpsus,  Dicranograpsus,  and  Didymograpsus,  by  H.  ABeyne 

Nicholson,  M.B.,  F.G.S. 
April   14th. — On  the  Coal-mines  of  Kaianoma,  in  the  Island  of 

Yezo,  by  F.  0.  Adams,  Esq.,  Hon.  Sec.  of  Legation  in  Japan ; 

communicated  by  the  Secretary  of  State  for  Foreign  AfEifiirs. 
On  a  Peculiarity  of  the  Brendon  Hills  Spathose  Iron-ore 

Veins,  by  M.  Morgans,  Esq. ;  communicated  by  W.  W.  Smyth, 

Esq.,  F.R.S.,  F.G.S. 

On  the  Salt-mines  of  St.  Domingo,  by  Br.  F.  Euschhaupt ; 


communicated  by  Sir  R.  I.  Murchison,  Bart.,  K.C.B.,  F.R.S., 
V.P.G.S. 

-  A  Description  of  the  Broads  of  East  Norfolk,  showing  their 


Origin,  Position,  and  Formation  in  the  Valleys  of  the  Bivers  Bure, 
Tare,  and  Waveney,  by  B.  B.  Grantham,  Esq.,  C.E.,  F.G.S. 

On  a  peculiar   Instance   of  Intraglacial  Erosion  near 


Norwich,  by  Searles  V.  Wood,  jun.,  Esq.,  F.G.S.,  and  F.  W. 
Harmer,  Esq. 
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AporQ  14th. — On  the  Lignite-mines  of  PodemnoYo,  near  Yolterra,  by 

E.  J.  Beor,  Esq.,  F.G.8. 
April  28th.— -On  the  Geology  and  Mineral<^  of  Hastings  Conniyy 

Canada  West,  by  T.  G.  Wallbridge,  Esq. ;  communicated  by  Br. 

Percy,  F.ILS.,  F.G.S. 
On  the  Distribution  of  Flint  Implements  in  the  Drift,  with 

reference  to  some  recent  Discoveries  in  Norfolk  and  Suffolk,  by 

J.  W.  Flower,  Esq.,  F.G.S. 
May  12th. — On  some  of  the  Besults  arising  from  the  Bedding,  Joints, 

and  Spheroidal  Structure  of  the  Granite  of  the  Eastern  Side  of 

Dartmoor,  Devonshire,  by  G.  W.  Onnerod,  Esq.,  M.A.,  F.G.S. 
Notes  on  Apparent  lithodomous  Perforations  on  the  Hills 

of  North-west  Lancashire,  by  D.  Mackintosh,  Esq.,  F.G.S. 

On  the  Parallel  Roads  of  Glen  Eoy,  by  Profl  J.  Nicol, 


F.E.S.,  F.G.S. 

On  Beds  of  supposed  Eothliegende  Age,  near  Knares- 


borough,  by  J.  Clifton  Ward,  Esq.,  F.G.S 
May  26th. — Notes  on  the  Geology  of  Cape  York  Peninsula,  Australia, 

by  Alexander  Battray,  M.D.,  E.N. ;  communicated  by  the  Pre- 

ndent. 
On  the  Formation  of  the  Chesil  Bank,  Dorset,  by  H.  W. 

Bristow,   Esq.,  F.B.S.,  F.G.S.,  and  W.  Whitaker,  Esq.,  B.A., 

F.G.S. 

On  a  Eaised  Beach  at  Portland  Bill,  Dorset,  by  W. 


Whitaker,  Esq.,  B.A.,  F.G.S. 

On  the  Occurrence  of  Terebratula  dtpTiya  in  the  Alps  of 


the  Canton  de  Vaud,  by  E.  B.  Tawney,  Esq.,  F.G.S.,  with  a  Note 
by  T.  Davidson,  Esq.,  F.R.S.,  F.G.S. 

on  a  new  Labyrinthodont  from  Bradford,  by  T.  H.  Huxley, 


LL.D.,  F.R.S.,  President ;  with  a  Note  on  its  LoceJity  and  Strati- 
graphical  Position,  by  L.  C.  Miall,  Esq. 

On  the  Upper  Jaw  of  Megalosaurus,  by  T.  H.  Huxley, 


LL.D.,  F.R.S.,  President. 
June  9th. — Notes  on  the  Sutherland  Gold-field,  by  the  Rev.  J.  M. 

Joass ;  with  an  Introduction  by  Sir  R.  I.  Murchison,  Bart.,  K.C.B., 

F.R.8.,  V.P.G.S. 
Observations  on  the  "  Nuggetty  Reef,"  Mount  Tarrangower 

Gold-field,  by  Dr.  G.  H.  F.  Ulrich,  F.G.S. 

On  the  Caratal  Gold-field,  by  Dr.  C.  Le  Neve  Foster, 


F.G.S. 

On  the  Geology  of  Guyana,  in  Venezuela,  by  Ralph  Tate, 


Esq.,  F.G.S. 

On  the  Nature  and  Cause  of  the  Glacial  Climate,  by  J. 


Murphy,  Esq.,  F.G.S. 
June  23rd. — On  two  New  Species  of  Oyrodtis,  by  Sir  Philip  de  M.  G. 

I^rton,  Bart.,  M.P.,  F.R.S.,  V.P.G.S. 
Note  on  a  very  large  Saurian  Humerus  from  the  Kimme- 

ridge  Clay  of  the  Dorset  Coast,  by  J.  W.  Hulke,  Esq.,  F.R.S., 

F.G.8. 
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1869. 

June  23rd. — Nute  on  some  Foflsil  Remains  of  a  Gavial-like  Sannaa 
from  Kimmeridge  Bay,  establishing  its  identity  with  Cuvier's 
Deuxihnt  Gavial  d^Honfleur,  TSU  a  museau  plus  court  (Stmieo- 
sauras  rostro-minor  of  Geoffiroy  Saint-Hilaire,  1825),  and  with 
Quenstedt's  DaJcosaurus,  by  J.  W.  Hulke,  Esq.,  F.R.S.,  F.G.S. 

On  the  Geology  of  a  Portion  of  Abyssinia,  by  W.  T.  Blan- 

ford,  Esq.,  F.G.S. 

On  the  Graphite  of  the  Lanrentian  of  Canada,  by  Prof. 


J,  W.  Dawson,  LL.D.,  F.R.8.,  F.G.S. 

On  the  Correlation,  Nature,  and  Origin  of  the  Drifts  of 


North-west  Lancashire  and  part  of  Cumberland,  by  D.  Mack- 
intosh, Esq.,  F.G.S. 

On  the  Connexion  of  the  Geological  Structure  and  Physical 


Features  of  the  South-east  of  England  with  the  Consumption 
Death-rat«,  by  W.  Whitaker,  Esq.,  B.A.,  F.G.S. 

On  the  Volcanic  Phenomena  of  Hawaii,  by  the  Rev.  C.  G. 


Williamson ;  communicated  by  Sir  R.  I.  Murchison,  Bart.,  K.C.B., 
F.R.S.,  V.P.G.S. 

Notes  on  certain  of  the  Intrusive  Igneous  Rocks  of  the 


Lake  District,  by  Dr.  H.  A.  Nicholson,  F.G.S. 

On  the  Fossil  Myriopods  of  the  Coal  Formation  of  Nova 


Scotia  and  England,  by  Samuel  H.  Scudder,  Esq. ;  communicated 
by  Sir  Charles  Lyell,  Bart.,  F.R.S.,  F.G.S. 

On  the  Geology  of  the  Country  surrounding  the  Gulf  of 


Cambay,  by  Alexander  Rogers,  Esq.,  F.G.S. 

On  a  new  Acrodont  Saurian  from  the  Lower  Chalk,  by  J. 


Wood  Mason,  Esq.,  F.G.S. 

On  the  Rodentia  of  the  Somerset  Caves,  by  W.  A.  San- 


ford,  Esq.,  F.G.S. 
November  10th. — On  Australian Mesozoic  Geology  and  Palaeontology, 

by  C.  Moore,  Esq.,  F.G.S. 
On  a  Plant-  and  Insect-bed  on  the  Rocky  River,  New 

South  Wales,  by  Charies  Moore,  Esq.,  F.G.S. 

On  H'kfpsUophodmi,  a  new  Genus  of  Dinosauria,  by 


T.  H.  Huxley,  LL.D.,  F.R.S.,  President. 

Further  Evidence  of  the  Affinity  between  the  Dino- 


saurian  Reptiles  and  Birds,  by  T.  H.  Huxley,  LL.D.,  F.R.S., 
President. 

November  24th. — On  the  Classification  of  the  Dinosauria,  with  obi- 
servations  on  the  Dinosauria  of  the  Trias,  by  T.  H.  Huxley,  LL.D., 
F.R.S.,  President. 

The  Physical  Geography  of  Western  Europe  during 

the  Mesozoic  and  Cainozoic  Periods,  elucidated  by  their  Coral 
Faunas,  by  P.  Martin  Duncan,  M.B.,  F.R.S.,  Sec.G.S. 

December  8tii. — Notes  on  the  Brachiopoda  hitherto  obtained  from 
the  Pebble-bed  at  Budleigh  Salterton,  near  Exmouth,  in  Devon- 
shire, by  Thomas  Davidson,  Esq.,  F.R.S.,  F.G.S. 

On  the  Relation  of  the  Boulder-clay,  willic it  Chalk, 

of  the  North  of  England  to  the  great  Chalky  Boulder -clay  of  the 
South,  by  Searlcs  V.  Wood,  jun.,  Esq.,  F.G.S. 
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I>eeeinber  22nd. — On  the  Iron-ores  aiwociated  with  the  Basalts  of 

the  North-i)ast  of  Ireland,  hy  Balph  Tate,  Esq.,  F.O.S.,  and  J.  8. 

Holden,  M.D.,  F.G.S. 
Notes  on  the  Stmcture  of  SigiUaria^  by  Prof.  J.  W, 

l>aw8on,  LL.D.,  r.K.S.,  F.G.S. 

Note  on  some  new  Animal  Eemains  from  the  Car- 


boniferous and  Devonian  of  Canada,  by  Prof.  J.  W.  Dawson,  LL.D., 
F.K.S.,  F.G.S. 

Note  on  a  Crocodilian  Skull  from  Ximmeridgo  Bay, 


Dorset,  by  J.  W.  Hulke,  Esq.,  F.R.S.,  F.G.S. 

Note  on  seme  Teeth  associated  with  two  fragments 


of  a  Jaw  £rom  Ximmeridge  Bay,  by  J.  W.  Hulke,  Esq.,  F.K.S., 
F.G.S, 

1870. 

January  12th. — On  the  Geological  Position  and  Geographical  Distri- 
bution of  the  Keptihan  or  Dolomitic  Conglomerate  of  the  Bristol 
Area,  by  B.  Etheridge,  Esq.,  F.G.S. 

On  the  Superficial  Deposits  of  portions  of  the  Avon 

and  Severn  Valleys  and  adjoining  Districts,  by  T.  G.  B.  Lloyd, 
Esq.,  C.E.,  F.G.S. 

On  the  Surface  Dex)06itB  in  the  neighbourhood  of 


Eugby,  by  J.  M.  Wilson,  Esq.,  M.A.,  F.G.S. 
January  26th. — On  the  Crag  of  Norfolk  and  Associated  Beds,  by 

Joseph  Prestwich,  Esq.,  F.R.S.,  F.G.S. 
February  9th. — On  the  Fossil  Corals  (Madreporaria)  of  the  Australian 

Tertiary  Deposits,  by  P.  Martin  Duncan,  M.B.,  F.11.S.,  Sec.  G.S. 
Note  on  a  new  and  undescribed  Wealden  Vertebra, 

by  J.  W.  Hnlke,  Esq.,  F.R.S.,  F.G.S. 

Note  on  the  Middle  lias  in  the  North-east  of  Ireland, 


by  Balph  Tate,  Esq.,  F.G.S. 


After  the  Reports  had  been  read,  it  was  resolved, — 

That  they  be  received  and  entered  on  the  Minutes  of  the  Meeting ; 

and  that  such  parts  of  them  as  the  Council  shall  think  fit  be  printed 

and  distributed  among  the  Fellows. 

It  was  afterwards  resolved, — 

That  the  thanks  of  the  Society  be  given  to  Professor  Huxley, 
retiring  from  the  office  of  President. 

That  the  thanks  of  the  Society  be  given  to  Sir  R.  I.  Murchison, 
Bart.,  and  the  Rev.  Thomas  Wiltshire,  retiring  from  the  ofllce  of 
Vice-President. 

That  the  thanks  of  the  Society  be  given  to  Professor  Rupert  Jones, 
Sir  R.  I.  Murchison,  Bart.,  the  Earl  of  Selkirk,  A.  Tylor,  Esq.,  and 
Bearles  V.  Wood,  Jun.,  Esq.,  retiring  from  the  Council. 
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ANinTEBBABT  MKBTIKG. 


After  the  BaUoting-glasses  had  been  duly  closed,  and  the  lists 
examined  by  the  Scrutineers,  the  foUowing  gentiemen  were  declared 
to  have  been  duly  elected  as  the  Officers  and  CouncU  for  the  ensuing 
year: — 


OFFICERS. 


PRESIDENT, 
Joseph  Prestwich,  Esq.,  F.R.S. 

VICE-PRESIDENTS. 
Sir  P.  de  M.  G.  Egerton,  Bart.,  M.P.,  F.R.S. 
R.  A.  C.  Godwin-Aufiten,  Esq.,  F.R.S. 
Sir  Charles  Lyell,  Bart.,  D.C.L.,  F.R.S. 
Warington  W.  Smyth,  Esq.,  M.A.,  F.R.S. 

SECRETARIES, 
P.  Martin  Duncan,  M.B.,  F.R.S. 
John  Evans,  Esq.,  F.R.S. 

FOREIGN  SECRETARY, 
Prof.  D.  T.  Ansted,  M.A.,  F.R.S. 

TREASURER, 
J.  Gwyn  Jeflfreys,  Esq.,  F.R.S. 


COUNCIL. 


Prof.  D.  T.  Ansted,  M.A.,  F.R.S. 
William  Carruthers,  Esq.,  F.L.S. 
W.  Boyd  Dawkins,  Esq.,  M.A., 

F.R.S. 
P.  Martin  Duncan,  M.B.,  F.R.S. 
Sir  P.  de  M.  G.  Egerton,  Bart., 

M.P.,  F.R.S. 
John  Evans,  Esq.,  F.R.S.,  F.S.A. 
David  Forbes,  Esq.,  F.R.S. 
J.  Wickham  Flower,  Esq. 
Capt.  Douglas  Galton,  C.B.,  F.R.S. 
R.  A.  C.  Godwin-Austen,  Esq., 

F.R.S. 
Harvey  B.  Holl,  M.D. 
J.  Whitaker  Hulke,  Esq.,  F.R.S. 


Prof.  T.H.  Huxley,  LL.D.,F.R.S. 
J.  Gwyn  Jeffreys,  Esq.,  F.R.S. 
Sir  Charles  Lyell,  Bart.,  D.C.L., 

F.R.S. 
George  Maw,  Esq.,  F.L.S. 
John  Carrick  Moore,  Esq.,  M.A., 

F.R.S. 
Prof.  John  Morris. 
Joseph  Prestwich,  Esq.,  F.R.S. 
WaringtonW.  Smyth,  Esq.,  M. A., 

F.R.S. 
Rev.  W.  S.  Symonds,  M.A, 
Rev.  Thomas   Wiltshire,   M.A., 

F.R.A.S. 
Henry  Woodward,  Esq.,  F.Z.S. 
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UST  OF 

THE  FOREIGN  MEMBERS 

OF  THE  GEOLOGICAL  SOCIETY  OF  LONDON,  in  1860. 


Drnteof 


819.  Count  A.  Breuimer,  Vietma, 

I  Count  VitaJiano  Bonomeo^  Mikm. 

[W.  Br.  H.  yon  Bechen,  Btmn. 

182a  M.  L6once  Elie  de  Beaumont,  Sec.  Perp^tuel  de  rinatit.  France, 
For.  Mem.  RS.,  Paris, 

h  Dr.  Ami  fiou^,  Viama. 

).  Dr.  J.  J.  d'Omaliufl  d'Halloy,  JSTofiby,  Beigwm, 

\  Dr.  Ch.  G.  Ehrenberg,  For.  Mem.  R.S.,  Berlin. 

Mi.  Profeflsor  Adolphe  T.  Brongniait,  Foot.  MeoL  RS.,  Am. 

[840.  Pzo&fiBor  Gufitav  Rose,  J9er/m. 

841.  Dr.  Louis  Agassis,  For.  Mem.  RS.,  Cambridge,  Ma$9acku$etU, 

841.  Professor  G.  P.  Deshayee,  P(»n«. 

844  William  Burton  Rogers,  Esq.,  Bogion,  U.S. 

844.  M.  Edouard  de  Yemeuil,  For.  Mem.  RS.,  Pan$. 

848.  James  Hall,  Esq.,  Albany^  State  of  New  Fork, 

850.  Professor  Bernard  Studer,  Berne, 

851.  Professor  James  D.  Dana,  New  Haven^  ConneetinU. 
851.  General  G.  yon  Helmersen,  St.  Peteraburg, 

851.  Dr.  W.  K  yon  Haidinger,  For.  Mem  RS.,  Vienna. 

851.  Professor  Angelo  Sismonda,  Turin, 

.853.  Count  Alexander  yon  Keyserling,  Dorpat. 

863.  Professor  L.  G.  de  Eoninck,  JUfye. 

854  M.  Joachim  Banrande,  Prague. 

.854  Profeeeor  Carl  Friedrich  Naumann,  Leipne. 

1856.  Professor  Robert  W.  Bunsen,  For.  Mem.  RS.,  Seideiberg. 

1857.  Professor  H.  R.  Goeppert,  BresUm. 
857.  M.  E.  Lartet,  Part*. 

857.  Professor  H.  R  Geinitz,  Dresden. 

857.  Dr.  Hermann  Abich,  Tiflisy  Georgia. 

858.  Herr  Am.  Escher  yon  der  Unth,  Zurich. 
}.  Professor  A.  Delesse,  Paris. 

.850.  Dr.  Ferdinand  Roemer,  Breslau. 

8eO.  Dr.  H.  Milne-Edwaids,  For.  Mem.  RS.,  Paris. 

86L  Professor  Gustay  Bischof,  Bonn. 

862.  Baron  Sartorius  yon  Waltershausen,  GotUngen. 

(52.  Professor  Pierre  Merian,  Basle. 
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1864.  Piofeseor  Paolo  Sayi,  Pisa. 

1865.  M.  Julea  Desnoyers,  Fiaris, 

1866.  Br.  Joee^h  Leidy,  FhOadelphia. 

1867.  Professor  A.  Daubi^e,  Paris. 


LIST  OF 
THE  FOREIGN  CORRESPONDENTS 

OF  THE  GEOLOGICAL  SOCIETY  OF  LONDON,  in  1869. 

D»teof 
Eleotton. 

1863.  Professor  E.  Beyrich,  Berlin. 

1863.  Herr  Bergmeister  Credner,  Gotha. 

1868.  M.  K  Desor,  Neuchdtd. 

1863.  Professor  Alphonse  Favre,  Geneva, 

1863.  Signor  B.  Gastaldi,  Turin. 

1863.  M.  Paul  Gervais,  MontpeUier. 

1863.  Herr  Bergrath  Gumbel,  JJftmicA. 

1863.  Dr.  Franz  Ritter  yon  Hauer,  Vienna. 

1863.  Professor  E.  Hubert,  The  Sorbonne,  Paris. 

1863.  Rev.  Dr.  0.  Heer,  Zurich. 

1863.  Dr.  G.  F.  Jager,  StuttgaH. 

1863.  Dr.  Kaup,  Dannstadt. 

1863.  M.  Nikolai  von  Kokscharow,  St.  Petersburg. 

1863.  M.  Lov^n,  Stockhohn. 

1863.  Count  A.  G.  Marschall,  Vienna. 

1863.  Professor  G.  Meneghini,  Pisa. 

1863.  M.  Henri  Nyst,  Brussels. 

18(*)3.  Professor  F.  J.  Pictet,  Geneva. 

1863.  Signor  Ponzi,  Pome. 

1863.  Professor  Quenstedt,  Tiibingen. 

1863.  Professor  F.  Sandberger,  Bavaria. 

1863.  Signor  Q.  Sella,  lUrin. 

1863.  Dr.  F.  Senft,  IXwfiacA. 

1863.  Professor  E.  Suess,  Vienna. 

1863.  Marquis  de  Vibraye,  Paris. 

1864.  M.  J.  Bosquet,  MaeUrieht. 
1864.  Dr.  Theodor  Kjerulf,  C%ristiama. 
1864.  Dr.  Steenstnip,  Copenhagen. 
1864.  Dr.  Charles  Martins,  Montpellier. 
18<«.  Dr.  C.  Nilsson,  Stockholm. 

1»W.  Professor  J.  P.  Lesley,  PhiladclphM. 
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ld0&  M.  Victor  Raulin,  P^uis. 

1866.  Profesaor  August  Emil  ReuBB,  Vmma. 
186a  Baron  AchiUe  de  Zigno,  Padna. 

1867.  Professor  Bemhard  Ckytta,  Frt&mrg. 

1868.  M.  Albert  Gaudiy,  Ptiria. 

1869.  Professor  J.  F.  Brandt,  SL  Pdenhurg. 
186a  Professor  A.  R  Nordenskiold,  atockMm. 
1860.  Professor  F.  Zirkel,  KmI. 


AWARDS  OF  THE  WOLLASTON  MEDAL 


UNDER  THE    CONDITIONS   OF   THE    '' DONATION    FUND  ^' 


ESTABLISH  BD  BT 


WILLIAM  HYDE  WOLLASTON,  M.D..  FRS..  F.a.S.,  Ac., 


^To  promote  researches  concerning  the  mineral  structure  of  the  earth, 
and  to  enable  the  Council  of  the  Geological  Society  to  reward  those 
individuals  of  any  country  by  whom  such  researches  may  hereafter  be 
made,^ — ''such  individual  not  being  a  Member  of  the  Council. ** 


1831.  Mr.  William  Smith. 
1835.  Dr.  6.  A  MantelL 
183a  M.  L.  Agassiz. 
1837  |C*P*-  ^-  T.  Cautley. 

'  iDr.H.  Falconer. 
183a  Professor  R.  Owen. 

1839.  Professor  C.  G.  Ehrenberg. 

1840.  Professor  A.  H.  Dumont. 

1841.  M.  Adolphe  T.  Brongniart. 

1842.  Baion  L.  von  Buch. 
1843  J  ^  E.  de  Beaumont. 

'  IM.  P.  A.  Dufir^noy. 
1845.  The  Rev.  W.  D.  Conybeare. 

1845.  Professor  John  Phillips. 

1846.  Mr.  William  Lonsdale. 

1847.  Dr.  Ami  Bou^. 

184a  The  Rev.  Dr.  W.  Buckland. 

1849.  Mr.  Joseph  Prestwich. 

1850.  Mr.  William  Hopkins. 

1851.  The  Rev.  Prof.  A.  Sedgwick. 

1852.  Dr.  W.  H.  Pitton. 


1863  3  M- lo  Vicomte  A  d'Archiac. 
*  I M.  E.  de  Vemeuil. 

1854.  Dr.  Richard  Griffith. 

1855.  SirH.T.DelaBeche. 

1856.  Sir  W.R  Logan. 

1857.  M.  Joachim  Barrande. 

1858    ^  ^^'^  ^^^^^'^i^  ^<>°  Mever. 

')  Mr.  James  HaU. 
1850.  Mr.  Charles  Darwin. 

1860.  Mr.  Searles  Y.  Wood. 

1861.  Professor  Dr.  H.  G.  Bronn. 

1862.  Mr.  Robert  A.  C.  Godwin- 

Austen. 

1863.  Professor  Gustav  Bischof. 

1864.  Sir  R.  L  Murchison. 

1865.  Mr.  Thomas  Davidson. 

1866.  Sir  Charles  LyelL 

1867.  Mr.  G.  P.  Scrope. 

1868.  ProfesBor  Carl  F.  Naumann. 

1869.  Mr.  H.  C.  Sorby. 

1870.  Professor  G.  P.  Deshayes. 
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AWARDS 


OF  THE 


BALANCE  OF  THE  PROCEEDS  OF  THE  WOLLASTON 
"DONATION-FUND." 


1831.  Mr.  William  Smith. 
1833.  Mr.  WiUiam  Lonadale. 
1834  M.  Louis  Agaaeiz. 
1836.  Dr.  a.  A.  ManteU. 
1836.  M.  G.  P.  Deehayes. 

1838.  Professor  Richard  Owen. 

1839.  Professor  C.  0.  Ehrenberg. 

1840.  Mr.  J.  De  Carle  Sowerby. 

1841.  Professor  Edward  Forbes. 

1842.  Professor  John  Morris. 

1843.  Professor  John  Morris. 

1844.  Mr.  William  Lonsdale. 

1845.  Mr.  Geddes  Bain. 

1846.  Mr.  William  Lonsdale. 

1847.  M.  Alcide  d'Orbigny. 

1848   I  Cape  of  Good  Hope  Fossils. 
I M.  Alcide  d'Orbigny. 

1849.  Mr.  William  Lonsdale. 

1850.  Professor  John  Morris. 

1851.  M.  Joachim  Barrande. 


1852.  Professor  John  Morris. 

1853.  M.  L.  de  Koninck. 

1854.  Mr.  S.  P.Woodward. 

1855.  Drs.  G.  and  F.  Sandberger. 

1856.  M.  G.  P.  Deshayes. 

1857.  Mr.  S.  P.  Woodward. 

1858.  Mr.  James  Hall. 

1859.  Mr.  Charles  Peach. 

iftfin  i  ^'  •^'  Report  Jones. 
^  ^"  I  Mr.  W.K.  Parker. 

1861.  Professor  A.  Daubr^e. 

1862.  Professor  Oswald  Heer. 

1863.  Professor  Ferdinand  Senft. 
1864  Professor  G.  P.  Deshayes. 

1865.  Mr.  J.  W.  Salter. 

1866.  Mr.  Henry  Woodward. 

1867.  Mr.  W.  H.  Baily. 

1868.  M.  J.  Bosquet 

1869.  Mr.  W.  Caxruthers. 

1870.  M.  Marie  Rouault. 
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EsTiMATBsybr 

INCOME  EXPECTED. 

£    9.    d.      £     9.    d. 
Due  for  SabscriptioiiB  for  Quarterly  Journal  (con- 
sidered good) 25     0    0 

Due  for  Authors' Corrections     20    0    0 

Due  for  Arrears  (See  Valuation-sheet)  256  U    0 

301   U     O 

Estimated  Ordinary  Income  for  1870. 
Annual  Contributions : — 

From  Resident  Fellows,  and   Non-residents 

of  1859  to  1861    800    0     0 

Admission-fees  (supposed) 250    0     O 

Compositions  (supposed)     250    0     0 

Dividends  on  Consols 156  11   10 

Sale  of  Transactions,  Proceedings,  Library -cata- 
logues, and  Ormerod's  Index  10    0    0 

Sale  of  Quarterly  Journal    220    0    0 

Sale  of  Geological  Map   25    0    0 

255    0    0 

Due  from  Longman  and  Co.  in  June 5(^    9  10 

Due  from  Stanford  and  Co.  in  June  11     6    6 

61   16    4 


£2075     2     2 


J.  GWYN  JEFFREYS,  Trkas. 
Feb.  3,  1870. 
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ike  Year  1870. 

BXPBNDITURB  ESTIMATED. 

£  9,  d,       £    «.    d. 
General  Expenditure: 

Taxes  mud  Insunnee     60  0  0 

Fimitiure   15  0  0 

Honae-repain    25  0  0 

Fuel    SO  0  0 

Lig^t 30  0  0 

Mlsedlaoeoiis  Houe-ezpenies     65  0  0 

Stationery 35  0  0 

Mucellaneoas  Printing,  indoding  Abatraett  ..  75  0  0 

Tea  for  Meetings 25  0  0 

360    0     0 

Salariea  and  Wages : 

AssistaDt  Secretary  210  0  0 

Cta*  100  0  0 

Assistant  in  Library  and  Mnsenm    ..........     65  0  0 

Porter     100  0  0 

Hoosenaid     40  0  0 

Occasional  Attendants ^,.,.     10  0  0 

CoUeetor 20  0  0 

Aeooantant    5  0  0 

550    0    0 

iibrary ^ 100  0  0 

Moaeom 5    0    0 

105  0  0 

MisceOaneoua  Scientific  Expenditure 60  0  0 

Diagrams  at  Meetings 20  0  0 

Ptabticatioiis :  Quarterly  Jonmals    650    0    0 

„  Geological  Map 20    0    0 

„  Ormerod*8  Index    110    0    0 

780    0    0 

fiaiaiice  in  favour  of  the  Society 200     2    2 


^£2075     2    2 


Digitized  by 


Google 


Income  and  Expenditure  during  the 

RECEIPTS. 

£     9,     d,      £     $,     d. 

Balaace  at  Banker's  January  1,  1869     376  13     5 

Balance  in  Clerk's  hands     35     7     1 

412     0     6 

Compositions  received   252     0     0 

Arrears  of  Admission-fees    50     8     0 

Admission-fees,  1869 277     4    0 

327  12     0 

Arrears  of  Annual  Contributions 177  19     6 

Annual  Contributions  for  1869,  viz. : — 

Resident  Fellows    £742    7    0 

Non-Resident  Fellows   ...      38    2    0 

780     9     0 

Annual  Contributions  in  advance 1112     0 

Dividends  on  Consols    149  1 9     7 

Journal  Subscriptions  in  advance 1     5     0 

Publications : 

Sale  of  Traniactions 110 

Sale  of  Journal,  Vols.  1-24     101  12    0 

Vol.25*     133  17    0 

Sale  of  Geological  Map    26    0    4 

Sale  of  Library-catalogues  2  13    0 

Sale  of  President's  Address Oil    0 

265   14     4 


/ 


/ 

We  have  compared  the  Books  and  -^ 

Accounts  presented    to   us  with   this  / 

statement,  and  find  them  agree.  / 


(Signed)        ALFRED  TYLOR,       1    .    ,.,  .oqtq  i  i    . , 

^  J.  LOGAN  LOBLEYj  ^•*^*'^''*-  ^^^^^  ^^   ^^ 

Feb.  3, 1870. 

*  Due  from  Messrs.  Longman,  in  addition  to  the  above,  on  Journal,  X  s.   </. 

Vol.25,&c    50  9  10 

Due  from  Fellows  for  Journal  subscriptions,  estimated 25  0    0 

Due  from  Messrs.  Stanford  on  Geological  Map 11  6    6 

iB86  16    4 
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Year  ending  December  Slsi,  1869. 

BXPSNDITURB. 

General  Expenditure :  £   a.  d.        £     9.    tU 

Tttct   35  10  2 

Fire-intaTance   ••  0    0  0 

New  Furniture  15    9  7 

Home-repairs    14  15  10 

Pad    29  17  0 

Light 29  15  6 

MiiceOaiieoiu  Hoose-ezpeniet 75  14  9 

Stationery * 15  18  3 

MisceUaneous  Printing,  indndiog  Abstracts.  63  17  6 

Tes  at  Meetings    20    7  2 

310     5     9 

Salaries  and  Wages : 

Assistant-Secretary 200    0    0 

CteA 100    0    0 

library  and  Moseum  Assistants 77    0    0 

Porter 100    0     0 

Honaemaid     40    0     0 

Occasional  attendants   8    0    0 

Collector 18  14     9 

Aeooantant     5    0    0 

548  14     9 

library 101     6     8 

Maseam 3  16     6 

Miscellaneous  Scientific  Expenses    49     2     7 

Diagrams  at  Meetings    1     6     0 

InTestment  in  £214  3«.  10(f.  Consols 200    0    0 

Publications : 

Geological  Map 48    0    9 

Jonnial,  Vols.  1-24  41     6    2 

„         VoL25    556    3  10 

Onnerod's  Index    7  12    8 

ess    3    5 

Balance  at  Banker's,  Dec.  31,  1869     479  15     6 

Balance  in  Clerk's  hands,  Dec.  31,  1869.  .3109 

510  16    3 


£2378  11  11 


TOL.  xxn.  « 

Digitized  by  VjOOQ IC 


AUDITORS'  REPORT. 


The  Auditors  for  1869  draw  the  attention  of  the  Council  to  the  in- 
crease of  the  arrears  of  Annual  Contributions  from  year  to  year. 
Many  names  appear  on  the  list  of  Members  which  should  be  re- 
moved, as  all  attempts  to  collect  the  overdue  amounts  have  been  in- 
effectual. 

The  Auditors  would  recommend  that  the  names  of  all  the  Fellows 
owing  for  4  years  and  more,  should  be  either  removed  from  the 
list  of  Fellows,  or  proceedings  taken  against  them.  At  the  present 
time  the  number  of  these  Fellows  is  27. 

The  alteration  in  the  mode  of  keeping  the  books  by  shortening 
the  entries  under  Coutts*  and  Accoimtanf  s  accounts,  suggested  by 
the  Clerk  and  approved  by  the  Accountant,  is  an  improvement  in  the 
opinion  of  the  Auditors. 

The  books  are  very  neatly  and  well  kept. 

ALFBED  TYLOR. 
J.  LOGAN  LOBLEY. 


Feb.  3,  1870. 


Digitized  by 


Google 


PROCEEDINGS 

AT  THE 

ANNUAL  GENERAL  MEETING, 
18th  FEBRUABY,  1870. 


AwiLKD  OF  THE  WoLLASTOK  MsDAL. 


The  BeportB  of  the  Conncil  and  of  the  Committees  and  Anditon 
hanng  been  read,  the  President,  Professor  Huxlkt,  LL.D.,  F.R.S., 
handed  the  WoUaston  Gold  Medal  to  John  Eyaks,  Esq.,  F.R.S.,  for 
transmission  to  M.  G.  P.  Bbshatbs,  addressing  him  as  follows : — 

I  request  you  to  transmit  the  WoUaston  Medal  for  this  year  to 
M.  Deshayes  as  an  expression  on  the  part  of  the  Geological  Society 
of  the  high  estimation  in  which  his  seryioes  to  PalflBontology  and 
Geology,  especially  in  regard  to  the  classification  of  the  Tertiary 
£)nnation,  are  held  by  the  geologists  of  this  country. 

Six  years  ago  the  Counol  of  this  Society  demonstrated  the  in- 
terest which  it  took  in  M.  Deshayes's  valnable  inrestigations  by 
awarding  him  the  Bonation-fiind/  Now  that  those  researches, 
commenced  just  fifty  years  ago,  are  completed,  and  the  labours  of  a 
life  devoted  to  science  are  crowned  by  the  publication  of  fire  great 
Tolames  containing  descriptions  and  figures  of  all  the  MoUusca  of 
the  Paris  basin,  it  has  seemed  to  the  Council  a  fitting  opportunity 
for  bestowing  the  highest  honour  at  its  disposal  upon  the  pupil, 
editor,  and  continuator  of  Lamarck,  and  the  worthy  successor  of 
his  great  master  in  the  Chair  of  Natural  History  in  the  Museum 
dlGstoire  Naturelle. 

Mr.  Etaits  read  the  following  reply  on  behalf  of  Prof.  Aksted, 
P.ILS.,  the  Foreign  Secretary  of  the  Society,  who  was  unavoidably 

absent : — 

I  have  the  honour  to  acknowledge,  on  the  part  of  M.  Deshayes, 
the  award  of  the  WoUaston  Medal ;  and  in  forwarding  to  him  this 
mark  of  the  estimation  in  which  his  labours  are  held  among  English 
geologists,  1  will  not  fail  to  communicate  the  observations  you,  Sir, 
as  representing  the  Society,  have  thought  fit  to  express. 

It  is  much  to  be  regretted  that  M.  Deshayes  is  not  present  in 
person  to  receive  this  Medal,  and  assure  you  of  the  extent  to  which 
he  appreciates  it.  On  three  occasions,  the  first  no  less  than  thirty- 
four  years  ago,  he  received  the  award  of  the  proceeds  of  the  WoUaston 
Bonation-fbind  to  assist  him  in  those  long-continued  researches  of 
which  we  have  lately  received  the  completion,  in  the  publication  of 
the  last  volume  of  the  work  with  which  his  name  wiU  always  be 
connected.  Placed  in  a  district  rich  in  an  extraordinary  degree  in 
fossils  of  one  geol<^cal  period,  he  has  devoted  himself  to  the  study 
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of  one  important  group  of  these  fossils ;  and  how  well  he  has  suc- 
ceeded his  recent  appointment  to  the  Chair  of  Lamarck  in  France 
and  the  award  of  the  WoUaston  Medal  in  England  afibrd  sufficient 
illustration. 

In  a  letter  from  M.  Deshayes  he  has  expressed  to  me  his  sense  of 
the  honour  conferred  upon  him  as  follows : — 

MONSIETTR  ET  TB^S-HONOBJ^  CoLLEOnE, 

J'ai  re^u  avec  un  extreme  plaisir  la  lettre  par  laquelle  youb 
m'annoncez  officiellement  la  decision  prise  par  le  Conseil  de  la  So- 
ci^t^  G^ogique  de  Londres,  de  m'accorder  pour  cette  ann^  la 
M^daille  d'or  de  WoUaston. 

J'ai  rhonneur  de  vous  prier  d'etre  pr^  du  conseil  I'interpr^to 
des  sentiments  de  gratitude  dont  mon  coeur  est  rempli.  La  nohle 
recompense  dont  je  suis  honore^  est  la  seule  que  j'ensse  ambi- 
tionn^e ;  elle  m'arrive  dans  ma  vieillesse ;  eUe  est  pour  moi  le  cou- 
ronnement  de  ma  vie  scientifique,  commencde  il  y  a  juste  cinquante 
ans.  Je  suis  heureux  et  fier  de  voir  mes  travaux  approuves  par  lea 
hommes  les  plus  comp^tents  dn  monde. 

J'aurais  voulu  me  rendre  k  Londres  k  la  reunion  generale  de  la 
Societe ;  j'ai  eu  dans  ma  vie,  une  fois,  la  bonne  fortune  d'y  assister, 
et  j'avoue  que  j'en  ai  conserve  le  souvenir  le  plus  agr^ble  et  le  plus 
pr^cieux ;  assis  pr^s  de  mes  amis  Murchison,  Forbes,  et  Lab^che, 
puis-je  perdre  de  tels  souvenirs  se  rattachant  a  de  tela  hommes  ! 
Cette  annee  malheureusement  il  me  sera  impossible  de  me  rendre 
k  Londres ;  mon  kge,  ma  sant^,  les  occupations  que  me  donnent  mes 
fonctions  an  Museum,  sent  des  obstacles  que  je  ne  puis  surmonter. 
J'en  eprouve  un  regret  d'autant  plus  vif,  que  j'aurais  trouv^  r^unis 
mes  anciens  amis  ainsi  que  d'autres  personnes  dont  j'aurais  ete 
heureux  de  le  devenir  en  faisant  leur  connaissance.  Parmi  oes 
personnes.  Monsieur  et  cher  collegue,  vous  tenez  une  place  consider- 
able. 

Yeuillez  recevoir  I'assurance  de  la  parfaite  consid^ation  avec  la- 
quelle j'ai  I'honneur  de  vous  saluer. 

DSSHATBB. 


AWABD  OP  THE  WoLLASTON  DoNATIOlT-ITOrD. 


The  President  then  presented  the  Balance  of  the  proceeds  of  the 
WoUaston  Donation-fund  to  John  Evans,  Esq.,  F.R.S.,  for  trans- 
mission to  M.  Mabie  Rouatjlt,  Keeper  of  the  Geological  Museum  at 
Eennes,  and  addressed  him  as  foUows : — 

The  cosmopoHtanism  of  science  is  weU  Ulustrated  by  the  fact  that 
all  the  honours  at  our  disposal  this  year  are  gladly  and  wiUingly 
accorded  to  foreigners.  The  WoUaston  Medal  has  gone  to  M. 
Deshayes.  The  fund  has  been  awarded  by  the  CouncU  to  another 
member  of  the  same  great  nationality,  M.  Marie  Rouault,  who, 
working  under  difficulties  and  discouragements  such  as  those'which 
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b»et  the  eaxiy  life  of  our  own  Hugh  Miller,  has  made  moet  im- 
portant contributions  to  oar  knowle46;e  of  the  fauna  of  the  oldest 
paLeosoic  rocks  of  France. 

Mr.  Etaivs  read  the  following  acknowledgment  on  behalf  of 
Profl  A^siBD : — 

In  retaming  thanks  on  the  part  of  Monsieur  Bouaolt  for  the 
grant  of  the  balance  of  the  proceeds  of  the  Wollaston-fund,  I  will 
take  the  opportunity  of  saying  a  few  words  concerning  the  nature 
and  extent  of  the  scientific  work  executed  by  this  hardy  and  per- 
severing geologist  in  his  own  most  difficult  coantry. 

Monsieur  Bouault  is  one  of  those  men  who  are  independent  of 
and  rise  above  all  distinctions  of  class.  Self-educated  in  the  strictest 
sense  of  the  term,  a  collector  of  fossils  because  his  nature  would  not 
allow  him  to  be  other,  he  resembles  the  lamented  Hugh  Miller  and 
our  still  active  and  useful  countryman  Mr.  Peach,  the  latter  of  whom 
attained  a  similar  distinction  under  very  similar  difficulties. 

Nearly  seventeen  years  ago  the  valuable  collections  already  in  the 
possession  of  Monsieur  Eouault  were  presented  to  the  municipality 
of  Bennes,  and  formed  the  principal  nucleus  of  a  museum  then  first 
established.  The  previous  owner  then  became  Directeur-canservateur 
of  the  Geological  and  Palseontological  Museum  of  the  town  of 
Bennes;  and  this  museum  has  since  its  first  establishment  been 
greatly  enriched  by  the  same  agency.  It  is  exceedingly  rich  in 
IcNsal  fossils,  and  contains  many  type^  specimens,  some  of  extreme 
interest. 

The  money  I  receive  on  the  part  of  M.  Kouault  will,  I  am  sure,  be 
employed  by  him  in  the  best  interests  of  science,  and  will  be  recog- 
nized as  a  fit  acknowledgment  of  the  services  he  has  already  ren- 
dered to  palseozoic  geology,  and  an  earnest  of  work  still  in  progress. 


THE  ANNIYERSAKY  ADDRESS  OP  THE  PRESIDENT, 
Professor  HuxMnr,  LL.D.,  F.R.8. 

Among  the  numerous  Fellows  and  Foreign  Members  of  the  So- 
ciety whose  loss  during  the  past  year  we  have  to  regret,  I  may 
refer  particularly  to  the  following : — 

EnEsnns  JrLEs  Adolphs  Dexmieb  de  Simon,  Yicomte  d'Archiac, 
was  bom  at  Reims  on  the  24th  of  September,  1802.  On  the  com- 
pletion of  his  education,  at  the  Military  School  of  St.  Cyr,  he  entered 
the  army,  and  remained  a  cavalry  officer  until  the  revolution  of 
July  1830,  when  he  quitted  the  service.  During  M.  d'Archiac's 
nine  years  of  military  Hfe,  his  great  capacity  for  the  successful  cul- 
tivation of  natural  science  appears  to  have  lain  dormant.  At  least, 
the  only  recorded  products  of  his  pen  during  that  time  are,  a  histo- 
rical novel  in  three  volumes,  and  a  political  pamphlet. 

It  is  not  until  1835  that  the  long  series  of  writings  which  raised 
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D'Archiac  to  the  position  ia  the  front  rank  of  European  geologistB, 
which  he  occupied  at  the  time  of  his  death,  commenced,  by  the  pub- 
lication of  a  '  Resume  d'un  M^moire  sur  le  terrain  tertiare  du  d^ 
partement  de  I'Aisne/  This  inaugural  essay  was  followed,  in  1833 
and  1839,  by  others  upon  the  tertiary  and  cretaceous  deposits  of 
France,  Belgium,  and  England.  Of  these,  the  '  Observations  sur  le 
groupe  moyen  de  la  Formation  Cretacee '  requires  particular  notice, 
as  a  piece  of  thorough  palsBontologioal  and  geological  work,  under- 
taken not  tor  the  mere  purpose  of  determining  the  geology  of 
the  district,  but  with  the  more  important  object  of  ascertaining 
whether  a  properly  chosen  district  might  not  be  made  to  contribute 
to  the  solution  of  a  problem  in  general  geology.  This  problem  is 
thus  formulated  by  d'Archiac,  "  How  are  the  fossils  of  a  formation 
distributed  in  the  different  stages  of  that  formation  ?  And  what 
modifications  or  changes  do  the  species  undergo,  on  the  one  hand, 
in  time,  as  we  pass  from  one  stage  to  another,  and,  on  the  other, 
in  space,  as  we  examine  the  formation  at  different  points  of  its  geo- 
graphical extent  ?" 

In  order  to  solve  the  problem  thus  stated,  M.  d'Archiac  observes 
that  it  is  necessary  to  select  a  formation  which  can  be  studied  upon 
its  circumference,  and  at  a  great  number  of  intermediate  points, 
which  has  not  undergone  any  serious  dislocation,  and  all  the  stages 
of  which  present  definite  marks  by  which  they  can  be  compared. 

The  Cretaceous  formation,  stretching  from  Burgundy  to  Dorset- 
shire, appearing  to  fulfil  these  conditions,  was  therefore  subjected 
to  a  minute  and  exhaustive  study,  and  it  yielded  the  following  re- 
plies to  the  questions  proposed : — ^The  more  the  different  stages  of  a 
formation  are  developed,  the  more  distinct  are  the  organisms  which 
they  contain,  or,  in  other  words,  the  smaller  is  the  number  of  species 
common  to  any  two  of  them.  Further,  as  the  number  of  the  mem- 
bers of  the  same  formation  diminishes,  on  the  one  hand,  the  species 
of  the  different  stages  tend  to  become  mixed  together ;  and,  on  the 
other,  new  species,  and  even  new  genera,  appear  in  inverse  propor- 
tion to  the  number  of  the  stages  which  persist.  Thus  the  fossils  at 
the  margins  of  the  Middle  Cretaceous  formation  differ  from  those  of 
its  centre,  and,  moreover,  they  differ  geographically.  The  cretaceous 
organisms  inhabit  three  zones,  a  northern,  a  middle,  and  a  southern, 
and  these  have  a  general  direction  from  N.W.  to  S.E.,  which  pro- 
bably corresponds  with  that  of  the  isothermal  lines  of  the  period. 

The  sixth  volume  of  the  *  Transactions'  of  our  Society  is  adorned 
by  a  very  elaborate  memoir  "  On  the  Fossils  of  the  older  Deposits 
in  the  Ehenish  Provinces,"  in  which,  in  conjunction  with  our  dis- 
tinguished foreign  member  M.  do  Vemeuil,  M.  d'Archiac  subjects 
a  great  section  of  palaeozoic  life  to  a  similar  investigation,  and  con- 
clusions of  no  less  importance  are  there  stated : — "If  the  develop- 
ment of  palaeozoic  organisms  be  considered  relatively  to  the  thick- 
ness of  the  beds,  or  the  duration  of  the  epoch,  we  shall  see,  1st,  that 
ihe  total  number  of  species  always  hicreases  from  below  upwards ; 
2nd,  that  the  progression  is  very  different  in  each  order  and  in  each 
family y  and  that  this  progression  is  even  frequently  inverse,  either  in 
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the  different  orders  of  the  eame  class,  or  in  the  various  genera  of  the 
same  order.     If,  on  the  other  hand,  the  development  of  the  palsBO- 
sole  creation  be  considered  rektively  to  its  horizontal  extent,  or 
geographically  in  relation  to  space,  it  will  be  seen,  Ist,  that  the 
species  which  are  found  in  a  great  number  of  localities,  and  in  very 
distant  countries,  are  almost  always  those  which  have  lived  during  the 
formation  of  several  successive  systems ;  2nd,  that  the  species  which 
belong  to  a  single  system  are  rarely  observed  at  great  distances,  and 
that  they  then  constitute  local  faunae,  peculiar  to  certain  countries ; 
whence  it  results  that  the  species  really  characteristic  of  a  system  of 
beds  are  so  much  the  less  numerous  as  the  system  is  studied  upon  a 
vaster  sealeJ^    It  mnst  be  remembered  that  these  most  important 
generalizations  were  commnnicated  to  this  Society  in  the  year  1841, 
and  thong^  the  able  anthers  of  the  memoir  express  their  satis&o- 
tion  at  finding  their  conclnsions  in  accordance  with  those  inde- 
pendently arrived  at  by  Prof.  Phillips,  I  am  not  sure  that  either  their 
substance,  or  their  origin,  is  even  now  quite  so  familiar  to  palseon* 
tologists  as  it  ought  to  be. 

Prom  1842  to  1847,  M.  d'Archiac  was  occupied  with  the  investi- 
gation of  the  Cretaceous  and  Tertiary  deposits  of  Prance  and  Bel- 
gium, and  published  several  valuable  works,  among  which  I  may 
mention  the  'Description  Gedogique  du  Bepartement  de  I'Aisne' 
(1843),  and  the  '  Description  des  fossiles  dcs  couches  nummuliti- 
ques  des  environs  de  Bayonne'  (1846  and  1850).  The  line  of 
inquiry  opened  up  by  the  last-mentioned  works  could  not  fail  to  be 
attractive  to  so  philosophical  a  geologist  and  biologist ;  but  few  men 
are  blessed  with  the  prodigious  industry  which  enabled  D'Archiac  to 
produce,  in  seven  years,  not  only  these  memoirs,  but  the  major  part 
of  the  great  monograph  on  the  Nummulitic  formation  of  India,  which 
was  published  in  1853 ;  while  at  the  same  time  he  was  occupied  with 
such  a  work  as  the  '  Histoire  des  progr^  de  la  Geologic  de  1834 
k  1845,'  five  volumes  of  which  appealed  between  1847  and  1853.  I 
have  had  the  curiosity  to  put  together  the  total  number  of  pages  of 
these  five  volumes,  and  I  find  that,  for  this  work  only,  D'Archiac 
must  have  written,  on  the  average,  the  matter  which  fills  600 
closely  printed  octavo  pages  every  year  for  six  years.  And  when 
we  consider  that  this  matter  consists  of  a  fair  and  faithful  critical 
digest  of  innumerable  books  and  memoirs,  all  which  must  needs  have 
been  read,  and  that  it  contains  a  great  amount  of  original  thought, 
one's  respect  for  its  author's  power  of  work  rises  almost  into  awe. 

The  eighth  volume  of  this  extremely  valuable  work  was  pub- 
lished in  1860,  and  it  is  profoundly  to  be  regretted  that  it  remains 
incomplete.  The  author's  plan  is  to  deal  with  the  history  of  each 
formation  in  successive  order,  from  the  youngest  to  the  oldest, 
starting  with  the  year  1834,  and  carrying  his  history,  in  the  early 
volume,  as  far  as  1845,  in  the  later  volumes  to  a  more  recent  date. 
The  last  volume  deals  with  the  history  of  Triassic  geology  from 
1834  to  1859. 

In  1857  H.  d'Archiac  was  elected  a  member  of  the  Academy  of 
Sciences,  in  the  place  of  M.  Constant  Provost;  and,  on  the  death  of 
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Alcide  d'Orbigny,  in  1861,  he  was  nominated  to  fill  the  chair  of 
paleontology  in  the  MnA^um  d'Hiatoire  Natarelle  in  Paris. 

The  substance  of  four  of  the  courses  of  lectures  which  M.  d'Archiac 
deHvered  in  his  new  capacity  has  been  published  in  three  TolameSy 
under  the  title  of  '  Cours  de  Pal^ntologie  Stratigraphique.'  The 
first  Tolume  contains  a  pr^is  of  the  history  of  paleontology ;  the 
second  is  devoted  to  a  general  view  of  biology,  as  an  introduction 
to  palseontology ;  while  the  tbird  gives  an  account  of  the  fauna  of 
the  Quaternary  epoch.  At  this  point  the  series  of  the  *  Oours  de 
Pal^ontologie'  ceases ;  but,-  in  1866,  a  complete  treatise,  embody- 
ing M.  d'Archiac's  views  on  the  totality  of  geological  phenomena, 
entitled  *  G^logie  et  Paleontologie'  appeared. 

The  last  work  from  M.  d'Archiac's  pen  is  the  great  Eeport  on 
the  Palaeontology  of  France,  which  was  published  in  1868. 

All  who  have  known  M.  d'Archiac  personally,  speak  in  the  wannest 
terms  of  the  uprightness  of  his  character,  and  of  his  keen  sense  of 
honour  and  independence.  And  it  is  lamentable  to  know  that  the 
pressure  of  petty  cares  so  destroyed  the  balance  of  his  sensitive 
and  finely  strung  mind,  that  a  few  more  years  of  patient  endurance 
of  such  troubles  appeared  as  little  possible  to  him  as  any  application 
for  help  to  the  many  friends  who  were  not  only  able,  but  wotdd 
have  been  proud  to  serve  him.  The  Vicomte  d'Archiac  was  in  his 
sixty-seventh  year  at  the  time  of  his  death. 

Joseph  Beete  Jukes,  FeUow  of  the  Royal  Society,  was  bom  in 
Birmingham  on  fhe  18th  of  October  1811,  and  was  educated 
partly  at  the  Merchant  Taylor's  School  in  Wolverhampton,  and  partly 
at  King  Edward's  School  in  Birmingham.  At  the  latter  school  he 
gained  an  exhibition,  which  took  him  to  Cambridge,  where  he  entered 
St.  John's  College  in  1830,  and  took  his  B.A.  degree  in  1836,  pro- 
ceeding to  his  M.A.  in  1841. 

The  genial  enthusiasm  and  large  knowledge  of  the  Woodwardian 
Professor  of  Geology,  then  in  his  vigorous  prime,  worked  upon  Mr. 
Jukes,  as  they  seem  to  have  affected  all  men  who  came  within  the 
range  of  their  influence,  and  determined  him  to  make  geological  in- 
vestigation the  vocation  of  his  life.  Immediately  after  leaving 
Cambridge  Mr.  Jukes  became  a  Fellow  of  this  Society,  and,  as  we  all 
know,  he  was  for  four  and  twenty  years  one  of  its  most  active  and 
valued  members. 

In  1839  Mr.  Jukes  was  appointed  to  the  office  of  Geological  Sur- 
veyor of  Newfoundland.  He  remained  for  two  years  in  this  capacity, 
and  executed  the  survey  as  well  as  the  means  at  his  disposal  would 
permit.  When,  however,  the  work  was  done,  the  capricious  parsi- 
mony of  the  Colonial  Legislature  refused  to  grant  the  money  requi- 
site to  pay  for  the  *  Report,'  and  it  would  have  been  lost  to  science 
if  the  Governor,  Sir  John  Harvey,  whose  name  ought  to  be  grate- 
fully recollected  by  geologists,  had  not  taken  the  expense  upon  him- 
self. The  "  Report,"  forms  a  part  of  the  '  Excursions  in  Newfound- 
land,' published  in  1842.  In  the  latter  year  appeared  Potter's 
*  History  of  Chamwood  Forest,'  which  contains  an  able  and  inter- 
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estmg  easay  on  tilie  geology  of  that  difltricty  wiitten  by  Mr.  Jukes 
after  his  retum  from  Newfoondlaiid. 

In  the  pre&oe  to  the  *  Exclusions  in  Newfoundhind '  the  author 
exensee  the  imperfeetion  of  the  work  on  the  groand  that  he  is  again 
leaving  England.  In  fact,  in  June  1842  H.M^.  <  Fly'  was  des- 
patched, nnder  tiie  eommaud  of  the  late  Capt  Blackwood,  to  surrey 
the  Barrier  reef  upon  the  east  coast  of  Australia,  and  Mr.  Jukes  was 
appointed  naturalist  to  the  ship,  which  did  not  retum  to  England 
fall  1846.  In  1847  Mr.  Jukes  published  his  *  Narrative  of  the  Sur- 
veying Voyage  of  H.M.S.  *  Fly,'  *  in  two  volumes. 

The  'Narrative'  is  well  written,  and  gives  a  very  vivid  and  accurate 
account  of  the  places  and  people  visited,  if  I  may  judge  from  what  is 
said  of  those  parts  of  the  ground  over  which  it  was  my  fortune  to  travel 
a  few  years  later.  The  naturalist,  the  geologist,  and  the  ethnologist 
will  find  much  valuable  information  in  these  volumes ;  and,  to  the 
student  of  geographical  distribution,  especial  interest  attaches  to  Mr. 
Jukes's  suggestion  that  the  different  character  of  the  molluscan 
&ane  of  the  north  and  south  shores  of  Torres  Straits  is  the  result 
of  the  formation  of  these  straits  by  the  depression  which  gave  rise 
to  the  formation  of  the  Barrier  reef ;  while  the  similar  elements  in  the 
land  fannsB  of  Australia  and  New  Guinea  arise  from  the  direct  con- 
nexion of  these  two  masses  of  land  in  the  time  which  preceded  the 
formation  of  Torres  Straits. 

Shortly  aft^*  his  retum  to  England,  in  1846,  Mr.  Jukes  received 
an  appointment  to  the  Geological  Survey  of  Great  Britain,  then 
under  the  direction  of  the  late  Sir  Henry  de  la  Beche.  He  was  des- 
patched to  North  Wales  (where  Prof.  Bamsay  was  directing  the 
operations  of  the  Survey),  and  did  excellent  work  in  mapping  the 
district  about  Bala  and  Conway  during  the  summers  of  several  years, 
while  the  winters  were  employed  in  surveying  the  Coal-measures  of 
Ins  native  county. 

The  results  of  the  latter  work  appeared  among  the  puldications 
of  the  Survey  in  1853,  as  a  *  Memoir  on  the  Geology  of  the  South- 
Staffordshire  Coal-fields,'  which  is  of  very  great  importance,  alike  in 
its  scientific  and  in  its  practical  bearings.  So  strongly  was  its  value 
in  the  latter  direction  felt  by  the  public,  that  the  first  edition  of  the 
memoir  was  exhausted  in  a  few  years,  and  of  a  second  revised  and 
enlarged  edition,  which  was  published  in  1858,  not  a  copy  now 
remains. 

In  1850  Mr.  Jukes  i^s  appointed  Local  Director  of  the  Irish 
branch  of  the  Survey^  in  room  of  Prof.  Oldham,  who  had  under- 
taken the  direction  of  the  Geological  Survey  of  India.  In  this 
capacity  Mr.  Jukes  laboured  for  nineteen  years,  with  unremitting 
energy,  and  the  most  conscientious  desire  to  do  his  duty,  in  a  position 
which  was  full  of  difficulties,  and  involved  much  wear  and  tear  of 
both  mind  and  body.  During  this  period,  he  edited  and  largely  con- 
tributed to  no  fewer  than  forty-two  memoirs  explanatory  of  the 
geological  maps  of  the  southern,  eastern,  and  western  parts  of  Ire- 
land, executed  by  the  Survey. 

In  addition  to  these  labours  Mr.  Jukes  for  many  years  discharged 
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the  functionB  of  a  Professor  of  Geology,  first  in  oonnezion  with  the 
Eoyal  Dublin  Society  and  Museum  of  Irish  Industry,  and  afterwards 
in  the  Boyal  College  of  Science  in  Dublin.  He  wrote  a  very  good 
elementary  manual  of  geology,  and  some  school-books  upon  geology 
and  physical  geography ;  and  he  read  a  large  number  of  papers 
and  notices  before  this  society  and  the  Geological  Society  of  Dublin, 
of  which  last  body  he  was  President  during  the  years  1853  and  1854. 
Several  of  these  papers,  such  as  that  "  On  the  mode  of  formation 
of  some  of  the  river-valleys  of  the  South  of  Ireland,"  show  how 
completely  Mr.  Jukes  shared  with  his  colleagues,  Prof.  Bamsay  and 
others,  that  tendency  to  return  to  Huttonian  methods  of  accounting 
for  the  form  of  terrestrial  surfaces  which  is  so  marked  a  feature  of 
a  rising  and  active  school  of  geologists. 

The  Fellows  of  this  Society  have,  doubtless,  a  clear  recollection  of 
the  discussions  to  which  two  of  Mr.  Jukes's  papers,  that  *'  On  the 
mode  of  formation  of  river- valleys  of  the  South  of  Ireland,"  to  which 
I  have  just  referred,  and  that  '*  Upon  the  Carboniferous  slates  and 
Devonian  rocks  and  the  Old  Eed  Sandstone  of  the  South  of  Ireland," 
gave  rise.  They  will  have  a  vivid  remembrance  of  the  heartiness  and 
vigour  with  which  our  colleague  threw  himself  into  the  defence  of 
his  favourite  views ;  and  I  am  sure  they  wiU  no  less  distinctiy  bear 
in  mind  the  inexhaustible  fund  of  good  humour  with  which  he  bore 
the  onslaughts  of  his  opponents. 

It  was  my  privilege  to  count  Mr.  Jukes  among  my  oldest  and 
most  familiar  Mends.  He  had  an  eminently  transparent  character, 
and  I  can  honestiy  say  that,  after  nearly  twenty  years'  intercourse, 
my  mental  picture  of  him  remains  as  it  at  first  impressed  itself, 
that  of  an  upright,  generous  man,  of  considerable  scientific  powers, 
of  great  energy,  of  good  administrative  capacity,  and  of  the  most 
entire  honesty  of  purpose.  If  his  openness  and  generosity  occasionally 
led  him  into  what,  in  his  official  position,  was  imprudence  in  his 
deaUngs  with  men,  and  if  his  energy  sometimes  took  what  his  friends 
thought  a  wrong  direction,  no  one  could  better  bear  being  told  of 
his  faults,  or  be  less  resentM  of  good  counsel. 

Mr.  Jukes  had  a  remarkably  fiine  and  robust-looking  bodily  frame; 
but  his  health  broke  down  in  1866,  and  though  he  rallied  and  became 
almost  himself  again,  his  disease  made  progress,  and  after  being  dis- 
abled for  nine  months,  he  died  on  the  1st  of  August,  1869. 

The  life  of  HsBMAinr  Chbistian  Erich  vok  Meter,  who  was  bom 
at  Frankfort  on  the  Maine  on  the  drd  September  1801,  is  that  of  a 
retired  student,  and  as  such  devoid  of  incident,  though  few  men  will 
leave  a  deeper  mark  upon  the  records  of  palaeontology.  He  himself, 
in  the  preface  to  his  '  Essay  on  fossil  teeth  and  bones  of  Georgens- 
gmiind,'  written  in  1834,  teUs  ns  how  he  was  led  to  the  study 
of  fossils : — 

"  When  many  years  ago  I  began  this  investigation,  I  littie  thought 
of  the  difficulties  which  awaited  me.  Love  of  the  work  has  helped 
me  to  overcome  them,  though  they  made  themselves  severely  felt 
as  I  went  on.     I  was  familiar  only  with  chemistry  and  mineralogy, 
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and  to  a  certain  extent  with  geology.  Comparatiye  anatomy  and 
oetedlogy  were  an  altogether  nnknown  region  ;  but  I  found  myself 
drawn  into  it  by  the  remains  of  a  long-extinct  fauna.  And  the 
first  impulse  wras  given  by  the  discovery  of  a  perfect  fossil  skuU  of 
an  ox,  with  a  wound  in  the  frontal  bone ;  this  led  to  my  busying 
myself  with  other  fossil  bones,  and  even  to  the  discovery  of  some. 
The  attempts  to  determine  their  nature  are  contained  in  my  '*  Bel- 
trage  znr  Petrefahtenkimde,"  which  extend  through  several  volumes 
of  the  *  Acta '  of  the  Leopoldino-Caroline  Academy." 

The  first  portion  of  the  "  Beitrage,"  to  which  Von  Meyer  here 

alludes,  is  published  in  the  'Nova  Acta'  for  1829,  in  that  fiftieth 

vdmne  which  contains  Goethe's  famous  essay  on  the  intermaxillary 

bone ;  and  it  includes  four  essays  which  offer  a  good  example  of 

the  extent  and  variety  of  Von  Meyer's  knowledge,  even  at  that  time. 

The  first  is  upon  an  Orthoceratite,  the  second  upon  Mastodon  arver^ 

nen»Sy  the  third  on  Apiychus,  the  fourth  on  two  new  fossil  reptiles, 

Ehadieosaurus    and    PUuromvarus.      For  thirty  years  Von  Meyer 

poured  forth  a  continuous  torrent  of  excellent  and  richly  illustrated 

memoirs,  sometimes  upon  MoUusea,  sometimes  on  Crustacea,  Kome- 

times  upon  Fishes,  but  most  commonly  upon  Keptiles  and  Mam- 

maJia, 

The  most  complete  monograph  extant  on  the  Amphibia  of  the 
Carboniferous  epoch  is  by  Von  Meyer;  the  only  monograph  upon 
the  Permian  EeptUia  is  also  from  his  pen.  The  great  work  upon 
the  Fauna  of  the  Muschelkalk,  which  was  published  in  1847-1852, 
is  a  wonderful  moniunent  of  patient  and  skilful  labour,  and  when 
it  appeared,  e£Fected  a  revolution  in  the  minds  of  geologists  as  to 
the  character  of  the  Triassic  fauna,  which  instead  of  being  poverty- 
stricken,  as  some  supposed,  revealed  about  eighty  species  of  Laby- 
rinthodonts  and  EeptUes  in  Germany  alone.  This  ^e  monograph 
was  supplemented  by  several  excellent  memoirs  on  the  Triassic 
Fauna  in  the  '  Falseontographica.'  No  less  valuable  is  the  work  upon 
the  Fauna  of  the  Lithc^raphic  slates,  which  affords  a  complete  con- 
spectus of  the  Beptiles  of  that  rich  deposit. 

In  the  preface  to  the  memoir  on  the  fossils  of  Georgensgmiind,  to 
which  I  have  already  referred,  Von  Meyer  makes  some  excellent 
remarks  on  the  value  of  drawing  as  a  help  to  the  palaeontologist, 
and  on  the  frequent  imperfections  of  drawings  of  fossils,  and  espe- 
cially of  osteological  subjects,  which  are  not  made  by  persons  con- 
versant with  anatomy.  "  I  knew  all  this  weU  enough,"  says  he, 
**  but  I  had  no  practice  with  the  pencil,  nor  any  experience  in 
managing  light  and  shade."  This  was  a  difficulty  which  would 
have  appalled  most  men,  but  not  Von  Meyer,  who  set  to  work  to 
teach  himself  drawing ;  with  what  admirable  success  all  who  are 
familiar  with  his  works  know.  For  it  was  Von  Meyer's  practice  to 
draw  all  the  illustrations  of  his  numerous  memoirs  on  the  stone ; 
and,  at  a  rough  estimate,  some  hundreds  of  quarto  and  folio  plates 
must  have  proceeded  from  his  swift  and  accurate  pencil.  There  are 
seventy  folio  plates  in  the  ^  Saurier  des  Muschelkalkes '  alone. 
Thon^  he  must  have  devoted  an  immense  amount  of  time  and 
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labour  to  the  mere  details  of  palseontological  work,  it  would  be  a 
great  mistake  to  count  Yon  Meyer  among  the  mere  men  of  detaiL 
On  the  contrary,  bis  '  Pakeologica,'  published  in  1832,  is  full  of  in- 
structive and  original  thought,  especially  the  second  essay  of  the 
three  comprised  in  the  work.  Yon  Meyer  strongly  insists  upon  the 
importance  of  the  fact  that  fossil  forms  so  often  fill  up  the  gaps  in 
the  series  of  existing  forms,  and  exhibit  in  combination  character- 
istics found  at  present  only  in  distinct  groups.  Hence,  he  justly 
remarks,  it  resiQts  that  **  conclusions  drawn  from  one  part  of  tke 
skeleton  to  the  structure  of  the  entire  animal  have  turned  out  to  be 
erroneous,  and  that  even  anatomists  like  Camper  have  been  de- 
ceived "  (7.  c.  p.  197) :  and  in  his  later  works  this  eminent  palason- 
tologist  constantly  repeats  this  much-needed  warning  against  the 
current  exaggerations  of  Cuvier's  unguarded  phrases. 
Yon  Meyer  died  on  the  2nd  of  April,  1869. 

John  Williaic  Salteb,  A.L.S.,  F.6.S.,  bom  December  15th,  1820, 
died  December  2nd,  1869.  This  eminent  palaeontologist,  after  an. 
education  at  a  private  boarding-school,  was,  in  April  1835,  by  his  own 
wish,  bound  apprentice  to  the  well-known  James  De  Carle  Sowerby, 
with  whom  he  hoped  to  pursue  the  study  of  Natural  History  (espe- 
cially Entomology)  for  which  he  had,  from  childhood,  an  ardent 
love.  He  has  been  known  to  pull  his  companions  (Wm.  and  J. 
Sowerby)  out  of  bed  on  a  cold  winter's  morning  to  wade  through 
the  snow  after  some  insect  the  habitat  of  which  he  had  just  heard 
of;  or,  at  other  times,  knee-deep  in  the  long  hay-grass  to  a  favourite 
pond  after  water- insects.  About  this  time  (1836-37)  he  wrote  his 
first  paper  "  On  the  Habits  of  Insects,"  read  at  the  Camden  Literary 
Society. 

With  Mr.  Sowerby  he  was  engaged  in  drawing  and  engraving  the 
plates  of  *  Sowerby's  Mineral  Conchology'  then  in  progress  towards 
completion,  of  the  'Supplement  to  Sowerby's  English  Botany,'  of 
*  Loudon's  Encyclopaedia  of  Plants,'  and  '  Murchison's  Silurian  Sys- 
tem.' The  figures  for  these  and  many  other  scientific  works,  en- 
graved by  Mr.  Salter  at  this  time,  being  all  drawn  from  the  actual 
specimens,  he  was,  naturally,  training  his  eye  to  that  perfect  know- 
ledge of  fossil  forms  which  in  later  years  rendered  him  so  distin- 
guished and  keen  a  palaeontologist. 

In  1842  he  visited  Cambridge,  where  he  remained  for  a  short  time 
to  assist  Professor  Sedgwick  in  arranging  the  fossils  of  the  Wood- 
wardian  Museum.  It  is  not  uninteresting  here  to  note  that  the  first 
and  the  last  independent  work  of  his  life  was  at  the  Cambridge 
Museum  in  connexion  with  Sedgwick,  who  continued  to  be  to  Salter, 
up  to  the  last,  what,  indeed,  he  has  been  to  so  many  others,  a  staunch 
and  generous  friend. 

In  that  and  the  three  following  years  he  made  several  short  trips 
into  Wales,  and  did  his  first  field-geology  under  Sedgwick's  teach- 
ing, whom  he  always  referred  to  as  "  the  Master." 

In  1846  he  married  Sally,  second  daughter  of  Mr.  J.  De  Carle 
Sowerby,  with  whom  he  had  learnt  that  art  of  which,  in  the  illustra- 
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tions  to  so  many  scientafio  works,  he  has  left  testiinony  showing  not 
only  the  ability  of  the  master  bnt  the  aptitude  of  the  pupil. 

In  the  same  year,  at  the  age  of  26,  he  entered  upon  the  Geological 
Survey,  and  for  eight  years  served  ss  chief  assistant  to  the  paUaonto- 
logist.  Prof.  Edward  Forbes.  Writing  to  his  friend  Dr.  Orindrod^ 
of  MalTeni,  Salter  says*,  *'From  1846  to  the  time  of  Forbes's  re- 
moTal  to  Edinbui^h  in  1854,  I  shared  with  htm  the  arrangement, 
description,  and  cataloguing  of  the  public  fossil  collections  of  the 
Survey,  took  part  in  the  field-work,  and  in  all  other  duties  shared 
the  work  with  him  and  had  his  full  approvaL^' 

On  the  retirement  of  Edward  Forbes  it  was  found  expedient  to 
separate  the  Lectureship  on  Natural  History  from  the  office  of 
Palaeontologist.  Prof.  Huxley  was  accordingly  appointed  to  the 
former  post,  that  of  Naturalist  to  the  Geological  Survey,  while  Mr. 
Salter  was  installed  in  the  latter  office. 

In  consequence  of  the  increasing  extent  of  the  labours  of  the 
Geological  Surveyors,  the  examination  of  the  Irish  fossils  was,  in 
1856,  handed  over  to  Mr.  W.  Hellier  Baily,  and  in  the  following 
year  Mr.  Hobert  Etheridge,  having  been  appointed  Assistant  Na- 
turalist to  the  Geolc^cal  Survey,  took  charge  of  the  fossils  of  the 
Secondary  and  Tertiary  formations  of  Britain,  thus  leaving  Mr.  Sidter 
free  to  devote  his  whole  energies  to  his  favourite  work — the  fossils 
of  the  palseozoic  formations. 

During  his  period  of  office  Mr.  Salter  prepared  three  Decades,  with 
10  plates  each  (8vo  size),  on  the  Trilobites  in  the  collection  at 
Jermyn  Street,  and,  in  conjunction  with  Prof.  Huxley,  a  Monograph 
on  the  genua  Pterygotus,  iUostrated  with  sixteen  foHo  plates.  He 
also  completed  a  Decade  on  the  Echini,  commenced  by  Prof.  Forbes, 
and  supplied  a  part  of  the  paleontology  to  Prof.  Phillips's  '  Memoir 
on  Malvern.' 

The  palseontol(^cal  portion  of  Prof.  Eamsay's  '  Memoirs  on  North 
Wales '  was  also  written  by  Mr.  Salter. 

The  officer  holding  the  position  of  Falteontologist  to  the  Geologi- 
cal Survey  of  Great  Britain  has  a  large  amount  of  routine  work  in 
examining  and  naming  specimens  and  preparing  lists  of  fossils  of 
most  pro^gious  length  for  the  purposes  of  the  Survey,  and  for  exhi- 
bition in  the  Museum ;  and,  added  to  all  this,  a  series  of  demonstra- 
tions have  to  be  given  annually  to  the  students  of  the  School  of 
Mines,  on  fossils  characteristic  of  the  various  strata,  with  their  range 
and  distribution  in  time  and  space. 

More  than  thirty  papers  by  Mr.  Salter,  on  various  geological 
topics,  are  to  be  found  in  the  Journal  of  the  Geological  Society ;  he 
also  wrote  in  the  *  Annals  and  Magazine  of  Natural  History,'  the 
'  Geological  Magazine,'  Ac. 

Four  parts  of  a  Memoir  on  British  Trilobites,  illustrated  by  thirty 

•  The  letter  we  refer  to  is  dated  "  Leicester  House,  Malvern,  Nov.  14, 1868,*' 
and  is  addressed  to  Dr.  Orindrod  and  W.  Mathews,  Esq.,  M  A.,  F.G.S.,  and 
appears  to  have  been  intended  for  publication,  with  a  view  to  soliciting  a  pension 
from  Government,  which,  owing  to  his  retiring  at  the  end  of  17  years'  service 
(in  1863),  he  wan  not  entitled  to  claim. 
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4to  plates,  and  216  pages  of  text^  have  been  published  by  the 
Falseontographical  Sodetj. 

In  Murchison's  «Siluria,'  and  Lyell's  *  Manual/  Mr.  Salter's 
services,  with  both  pen  or  pencil,  are  apparent  and  acknowledged. 
Mr.  Salter  has  also  contributed  to  Sedgwick's  Memoirs,  1844-47, 
Sharpe's  Memoirs  (Geol.  Proceedings),  and  the  Reports  of  the  British 
Association,  1844-68  (Sections). 

In  the  published  account  of  the  Arctic  voyages  of  Beechey,  Om- 
maney,  and  Penny,  the  description  and  correlation  of  the  fossils  was 
made  by  him.  Mr.  Salter  has  described  fossils  from  the  Himalayas, 
Australia,  China,  South  Africa,  Canada,  Oregon,  <&c.  &c. 

A  list  of  sixty  separate  papers  by  Mr.  Salter  is  given  in  Bigsby's 
'Thesaurus  Siluricus,'  in  the  preparation  of  which  he  was  also 
engaged. 

He  projected  and,  conjointly  with  Mr.  Henry  Woodward,  pre- 
pared a  Tabular  view  of  British  PossU  Crustacea,  showing  tieir 
range  in  time,  which  was  engraved  and  published  by  Mr.  J.  W. 
Lowry,  in  1865,  and,  but  for  the  great  expense  attending  the 
engraving,  several  other  groups  were  also  intended  to  be  tabulated. 

In  1865,  Mr.  Salter  received  the  "  Wollaston  Donation-fiind " 
from  the  Geological  Society,  in  recognition  of  his  valuable  services 
to  palseontology,  and  especially  for  his  Monograph  on  Trilobitea, 
then  in  course  of  publicatien  by  the  Palseontographical  Society. 

After  his  retirement  from  the  office  of  PaJieontologist  to  the 
Geological  Survey  in  1863,  he  was  engaged  at  various  times  in 
arranging  and  naming  the  Palaeozoic  Invertebrata  of  the  Manchester, 
Leicester,  Leeds,  Worcester,  Malvern,  Taunton,  and  Cambridge 
Museum  collections ;  he  also  executed  numerous  plates  and  wood- 
cuts. A  catalogue  (illustrated  by  himself)  of  the  Cambrian  and 
Silurian  fossils  in  the  Woodwardian  Museum  was  one  of  the  last 
tasks  which  he  undertook ;  it  remains  uncompleted,  as  does  his 
Monograph  on  the  Trilobites. 

It  is  difficult  to  say  what  combination  of  official  conditions  could 
have  been  found  better  suited  to  him  than  those  in  which  he  was 
placed.  He  often  pictured  the  happiness  of  a  post  in  the  British 
Museum ;  but  it  is  doubtful,  had  he  realized  his  hope,  whether  his 
health  would  have  improved.  Those  who  knew  him  well  will 
remember  how  cheerful  and  light-hearted  he  was  at  times ;  he  was, 
in  many  ways,  remarkably  like  a  child,  fond  of  boyish  athletic 
sports,  a  lover  of  Nature,  fond  of  wild  flowers  and  domestic  pet 
animals,  which  he  encouraged  his  children  to  keep.  Anon  he 
would  be  fretful  and  irritable,  often  without  any  reasonable  cause, 
proving  that  the  chronic  ill-health  of  which  he  complained  was 
certainly  mental. 

His  staunch  friends,  Murchison  and  Sedgwick,  helped  him  right 
manfully  throughout,  and  he  had  many  friends  in  the  West  of 
England  and  of  Scotland,  who  gladly  welcomed  him  to  their  homes 
and  cordially  sympathized  with  him.  But  though  he  spoke  cheer- 
fully and  hopeftilly  after  resigning  his  post  at  Jermyn  Street,  there 
is  no  doubt  that  he  regretted  the  step  he  had  taken. 
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Xo  one,  however^  who  will  fairly  weigh  the  amoant  of  valuable 
work  done  by  Mr.  Salter,  and  the  large  contributions  he  has  made 
to  our  knowledge  of  the  palaeozoic  rocks  and  the  early  life-forms 
which  they  contain,  will  deny  that  a  man  of  such  ability  deserred 
some  recognition  in  the  way  of  pension  from  GK>yemment ;  and  it  is 
sincerely  to  be  hoped  that  Mrs.  Salter,  with  her  seven  children,  may 
at  least  be  granted  some  small  share  of  the  Boyal  bounty,  as  some 
acknowled^ent  of  the  services  rendered  to  science  by  her  hus- 
band. 

Mr.  Salter  is  buried  in  Highgate  Cemeteiy,  the  resting-place  of 
several  of  his  feUow-workers  in  science. 

KiCHABD  Nathahikl  Bvbidos,  M.B.  Loud.,  who  was  well  known 
as  an  enthusiastic  labourer  in  the  geology  of  South  Africa,  died 
suddenly,  at  Port  Elizabeth,  on  the  8th  of  August,  1869.  Beginning 
his  medical  studies  imder  Dr.  John  Atherstone,  of  Port  Elizabeth, 
his  habit  of  accurate  observation  was  acquired  and  fostered  in  com- 
pany with  his  fellow  pupil  and  £riend,  Dr.  W.  G.  Atherstone,  of 
that  town,  also  known  as  an  ardent  and  successful  geological 
explorer  of  South  Africa,  some  time  in  company  with  the  late  Mr. 
A.  G.  Bain,  who  first  worked  out  and  mapped  the  geology  of  that 
n^on. 

In  1854  Br.  Eubidge  was  requested  by  the  merchants  of  Port 
Elizabeth  to  visit  and  report  upon  the  newly  discovered  gold-dig- 
gings near  Smithfield,  in  the  Orange- Biver  Sovereignty.  In  com- 
pany with  Mr.  Paterson  he  made  a  careful  examination  of  the  spot, 
and  found  that  gold  in  small  quantities  was  associated  with  quartz 
in  the  meridonal  set  of  trap-dykes  there  intersecting  the  Dicynodon 
or  Karoo  beds.  In  his  clear  and  concise  communication  of  these 
results  to  the  Geological  Society  of  London  (Quart.  Joum.  vol.  xi. 
p.  1  &c.).  Dr.  Bubidge  mentions  a  fact  that  may  be  of  interest  in 
connexion  with  the  possible  origin  of  the  diamonds  that  have  of  late 
been  so  profusely  found  in  Orange-Biver  territories,  namely,  that 
in  the  eastern  ranges  of  the  Stormberg,  beyond  Aliwal,  the  an- 
thracitic  coal  of  the  Karoo  beds  has  been  converted  into  plumbago 
by  the  volcanic  dykes.  Hence  it  is  possible  that,  by  further  change, 
purer  carbon  has  been  elicited  from  the  carbonaceous  matter  by 
volcanic  or  metamorphic  agency  in  the  Natal  ranges,  and  has  been 
brought  down  in  the  form  of  diamond  by  the  rivers,  together  with 
their  common  agate  gravel,  derived  from  the  same  igneous  and  often 
amygdaloidal  rocks  (see  also  his  letter  in  the  Joum.  Geol.  Soc.  vol. 
xii-'p.  237). 

In  the  same  year  (1854),  at  the  instance  of  a  Mining  Company, 
Dr.  Bubidge  went  to  Namaqualand,  to  report  upon  its  metal-pro- 
ducing capabilities.  The  results  are  given  by  him  in  the  Geological 
Society's  Joum.  vol.  xiii.,  a  short  notice  only  appearing  in  the  pre- 
vious volume.  The  gneissic  and  schistose  rocks  of  this  part  of 
Western  Africa  being  quite  new  to  him,  and  full  of  interesting 
mineralogical  characters,  afforded  a  rich  field  of  observation ;  and 
he  was  particularly  struck  with  the  probable  metamorphic  origin  of 
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some  granite,  and  with  the  apparent  silicification  of  some  bands  of 
schist,  coyered  unconformably  by  sandstone,  through  which  water 
had  carried  silica  to  replace  the  ordinal  felspar  and  mica  of  the 
gneiBsic  bands  below.  This  view  of  the  metamorphic  condition  of 
some  quartzites  Br.  Eubidge  regarded  as  a  key  to  the  elucidation  of 
certain  sections  seen  in  different  parts  of  South  Africa,  and  con- 
sidered by  him  to  be  of  a  very  difficult  nature,  if  left  to  be  explained 
according  to  the  usual  view  of  geologists.  Thus,  in  1858  (Geol.  Soc. 
Joum.  voL  xv.  p.  196),  he  explained  the  section  of  Mitchell's  Pass, 
at  the  yillage  of  Ceres,  otherwise  than  Mr.  Bain  had  interpreted  it ; 
and  regarded  the  great  sandstone  formation  of  Table  Mountain  as 
occurring  again  and  again,  in  great  patches  of  horizontal  and  uncon- 
formable beds,  over  the  highly  inclined  schists  and  gneiss,  both  of 
the  Cape  and  of  Namaqualand,  instead  of  dipping  at  Ceres  down 
below  the  Devonian  rocks  of  the  Bokkeveld ;  and  thus  he  made  the 
schistose  rocks  of  Cape  Town,  of  the  Bokkeveld,  George,  and  southern 
Uitenhage  (whence  he  got  Devonian  fossils)  to  be  all  of  the  same 
date.  Certainly  a  great  advance  was  made  in  proving  the  continu- 
ation of  the  Bokkeveld  schists  into  the  last-named  district;  but 
whether  the  schists  and  slates  of  the  Cape  come  into  the  same  cate- 
gory still  requires  careful  inquiry. 

Examining  the  neighbourhood  of  the  Zuerberg,  in  occasional 
journeys,  Dr.  Rubidge  endeavoured  to  throw  light  on  the  stratifica- 
tion and  structure  of  that  country,  showing  that  the  Lower  Ecca 
beds  are  probably  of  Devonian  age.  For  the  illustration  of  his 
views  on  this  matter,  he  sent  several  series  of  rocks  and  fossils  to 
the  Geological  Society  of  London,  and  he  communicated  papers  on 
the  subject  to  that  Society,  to  the  *  Geologist,'  to  the  British  Asso- 
cion,  and  to  the  periodicals  of  Port  Elizabeth.  In  1864  he  visited 
England,  and  travelled  to  the  north  with  the  special  view  of  study- 
ing schistose  and  quartzose  rocks  like  those  of  the  Zuerberg.  He 
brought  with  him  many  new  fossils,  of  Secondary  age,  from  the 
Uitenhage  district,  and  went  to  considerable  expense  in  getting 
them  properly  examined  and  determined,  intending  ultimately  to 
produce  a  general  work  on  the  geology  of  the  colony.  The  fossils 
constituted  a  valuable  addition  to  the  South-African  collection  in 
the  Geological  Society's  Museum,  and  were  fully  described,  with 
illustrations,  in  the  Society's  Journal,  by  Mr.  R.  Tate,  in  1867. 

So  long  ago  as  1854,  Dr.  Rubidge  wrote  to  his  geological  corre- 
spondents in  London  on  the  subject  of  aerial  denudation,  which  had 
not  then  received  so  much  attention  from  European  geologists  as  it 
deserved.  In  1866  he  reproduced  the  chief  points  of  his  letters  in 
the  'Geological  Magazine,'  No.  20,  bringing  forward  evidence  of 
the  enormously  extensive  and  long-continued  denudation  of  the 
interior  of  South  Africa,  subsequent  to  its  leaving  the  sea  and 
since  the  lacustrine  deposits  of  tiie  Karoo  formations  were  drained 
dry. 

As  an  observer  and  as  a  generalizer,  then,  Dr.  Rubidge  was  ener- 
getic and  bold,  adding  much  to  the  store  of  geological  facts  and 
tiiought,  though  worlong  hard  throughout  in  his  professional  prao- 
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tiee,  and  often  snfRermg  from  ill  health.  Heart  disease  has  taken 
him  off  suddenly  (at  the  age  of  about  forty-eight)  from  amongst  his 
friends,  before  his  well-loved  work  was  finished  as  he  wished  ;  but 
he  had  always  given  his  best  attention  to  the  advancement  of 
sdenoe  in  general,  and  of  geology  in  particular,  among  the  com- 
mnnity  around  him ;  and  having  always  identified  himself  with 
the  Literary  and  Scientific  Institutions  of  Port  Elizabeth,  and 
showed  the  greatest  personal  interest  in  its  pubho  library,  Mu- 
seum, and  public  Hospital,  his  townsmen,  who,  in  large  numbers  of 
all  grades  of  society  attended  his  funeral,  regret  hun  as  a  kind 
"warm-hearted  friend, — a  loss  which  will  not  be  readily  replaced. — 
(T.  R.  J.) 

Captain  L.  L.  Boscawen  Jbbbtsok  died  on  the  8th  of  September, 
1869,  at  Biebrich,  in  Prussia,  where  he  had  resided  for  several  years. 
Whilst  a  resident  in  this  country,  Capt.  Ibbetson  was  on  terms  of 
intiniate  friendship  with  the  late  Prof.  Edward  Forbes,  in  oonjunc- 
tion  with  whom  he  communicated  to  this  Society  a  description  of 
the  section  between  Blackgang  Chine  and  Atherfield  Point,  in  the 
Isle  of  Wight,  which  was  published  in  the  first  volume  of  our  Quar- 
terly Journal.  He  also  communicated  to  the  Dresden  Natural- 
History  Society,  Isis,  a  notice  of  the  Cretaceous  formation  of  the 
Isle  of  Wight,  and  presented  several  papers  on  geological  subjects 
to  Uie  British  Association.  For  many  years  Capt.  Ibbetson  devoted 
much  of  bis  attention  to  the  preparation  of  models  of  various  inter- 
esting sections  of  country,  and  to  the  application  of  the  electrotype 
process  to  the  coating  of  perishable  natural-history  specimens  with 
metal,  in  order  to  preserve  accurate  representations  of  them. 

Capt.  Ibbetson  presented  his  valuable  collection  of  fossils  to  the 
Museum  of  Practical  Geology  many  years  before  his  death. 

E.  W.  Bbatlet,  F.R.S.,  F.L.8.,  for  many  years  Librarian  to  the 
London  Institution,  was  a  pupil  of  Prof.  Brande  at  the  Boyal  Insti- 
tution, and  as  early  as  the  year  1824  published,  in  the  'Philosophical 
Magazine,'  a  paper  on  luminous  meteors,  a  subject  which  occupied  his 
attention  nearly  to  the  close  of  his  life.  His  principal  contribution 
to  our  science  is  his  paper  on  the  formation  of  rock-basins,  published 
in  the  '  Philosophical  Magazine'  in  1830.  Mr.  Brayley  possessed  a 
wide  range  of  knowledge,  and  his  printed  memoirs,  although  not 
numerous,  include  papers  on  Physics,  Astronomy,  Chemistry,  Zoology, 
and  Meteorology.  He  died  ratiier  suddenly  on  the  Ist  of  February, 
1870. 

Jobs  Nash  SAin>£BS  was  one  of  a  small  body  of  enlightened 
citizens  who,  as  long  ago  as  during  the  first  decade  of  the  present 
century,  established  a  Bristol  Philosophical  Society ;  and  the  foun- 
dation of  the  noble  Institution  which  in  1820  sprang  out  of  that 
combination,  and  which  now  boasts  a  museum  that  is  rich  in  many 
and  unique  in  some  objects,  may  be  ascribed  mainly  to  efforts  which 
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he  used  in  oombination  with  one  who  in  his  lifetime  was  honoured 
as  a  ripe  scholar  and  a  man  of  cnltivated  taste,  Mr.  John  Scandret 
Harford,  of  Blaize  Castle.  Mr.  Sanders  gave  some  ^£200  as  a  first 
subscription  towards  the  building-fond,  and  beyond  that  we  have 
reason  to  know  that  he  supplied  a  deficiency  which  would  have  re- 
sulted from  the  breach  of  his  promise  by  one  who  had  undertaken  to 
subscribe  ^£100.  Somewhat  early  in  the  history  of  the  Institution 
he  was  elected  to  a  distinguished  honorary  position  in  connexion 
with  it,  and  for  many  years,  and  till  the  day  of  his  death,  he  was 
one  of  its  vice-presidents.  His  attachment  to  the  undertaking,  and 
to  the  important  educational  objects  sought  by  it,  never  ceased.  He 
was  always  a  willing  subscriber  to  its  funds ;  and  about  nine  years 
ago,  when  it  became  questionable  whether  the  Museum  could  be 
kept  up,  he  gave  the  princely  sum  of  ^£1000  towards  an  Endowment 
Fund,  to  be  applied  to  its  future  maintenance.  To  the  force  of  his 
public-spirited  example  on  that  occasion  the  citizens  of  Bristol  are 
mainly  indebted  for  the  preservation  and  rearrangement  of  a  host  of 
treasures  which,  thanks  also  to  the  untiring  zeal  of  his  nephew, 
Mr.  William  Sanders,  F.G.S.,  Honorary  Curator,  are  known  to  and 
prized  by  men  of  science  throughout  the  empire.  At  the  time  of 
his  death  Mr.  Sanders  was  in  the  94th  year  of  his  age ;  but,  with 
the  exception  of  partial  deafness,  he  retained  his  faculties  almost  to 
the  last,  and  within  a  couple  of  months  of  his  death  he  could  read 
small  type  without  the  aid  of  spectacles. 


It  is  now  eight  years  since,  in  the  absence  of  the  late  Mr.  Leonard 
Homer,  who  then  presided  over  us,  it  fell  to  my  lot,  as  one  of  the 
Secretaries  of  this  Society,  to  draw  up  the  customary  Annual  Address. 
I  availed  myself  of  the  opportunity  to  endeavour  to  "  take  stock  " 
of  that  portion  of  the  science  of  biology  which  is  commonly  called 
''  palaeontology,"  as  it  then  existed ;  and,  discussing  one  after  another 
the  doctrines  held  by  palaeontologists,  I  put  before  you  the  results 
of  my  attempts  to  sift  the  well-established  from  the  hypothetical  or 
the  doubtful.  Permit  me  briefly  to  recall  to  your  minds  what  those 
results  were : — 

1.  The  living  population  of  all  parts  of  the  earth's  surface  which 
have  yet  been  examined  has  undergone  a  succession  of  changes 
which,  upon  the  whole,  have  been  of  a  slow  and  gradual  cha- 
racter. 

2.  When  the  fossil  remains  which  are  the  evidences  of  these 
successive  changes,  as  they  have  occurred  in  any  two  more  or  less 
distant  parts  of  the  surfiace  of  the  earth,  are  compared,  they  exhibit 
a  certain  broad  and  general  parallehsm.  In  other  words,  certain 
forms  of  life  in  one  locality  occur  in  the  same  general  order  of 
succession  as,  or  are  homoiaxM  with,  similar  forms  in  the  other 
loccklity. 

3.  Homotaxis  is  not  to  be  held  identical  with  synchronism  with- 
out independent  evidence.     It  is  possible  that  similar,  or  even  iden- 
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tieal,  fjsiuuB  and  florsB  in  two  different  localities  may  be  of  extremely 
diffieient  ages,  if  the  term  "  age  "  is  used  in  its  proper  chronological 
sense.  I  stated  that ''  geographical  provinces,  or  zones,  may  have 
been  as  distinctly  marked  in  the  Paleozoic  epoch  as  at  present ;  and 
those  seemingly  sudden  appearances  of  new  genera  and  species,  which 
we  ascribe  to  new  creation,  may  be  simple  results  of  migration." 

4.  The  opinion  that  the  oldest  known  fossils  are  the  earliest  forms 
of  life  has  no  solid  foundation. 

5.  If  we  confine  ourselves  to  positively  ascertained  facts,  the 
total  amount  of  change  in  the  forms  of  animal  and  vegetable  life 
since  the  existence  of  such  forms  is  recorded  is  small.  When  com- 
pared with  the  lapse  of  time  since  the  first  appearance  of  these 
forms,  the  amount  of  change  is  wonderfully  small.  Moreover,  in 
each  great  group  of  the  animal  and  Y^etable  kingdoms,  there  are 
certain  forms  which  I  termed  Psbsisisnt  Ttpbb,  which  have  re- 
mained, with  but  very  little  apparent  change,  from  their  first  ap- 
pearance to  the  present  time. 

7.  In  answer  to  the  question  ''What,  then,  does  an  impartial 
survey  of  the  positively  ascertained  truths  of  paleeontology  testify 
in  relation  to  the  common  doctrines  of  progressive  modification, 
which  suppose  that  modification  to  have  taken  place  by  a  necessary 
progress  from  more  to  less  embryonic  forms,  from  more  to  less 
generalized  types,  within  the  limits  of  the  period  represented  by 
Uie  fosedliferous  rocks?"  I  reply,  ''It  negatives  these  doctrines; 
for  it  either  shows  us  no  evidence  of  such  modification,  or  demon- 
strates such  modification  as  has  occurred  to  have  been  very  slight ; 
and,  as  to  the  nature  of  that  modification,  it  yields  no  evidence 
whatsoever  that  the  earlier  members  of  any  long-continued  group 
were  more  generalized  in  structure  than  the  later  ones." 

I  think  that  I  cannot  employ  my  last  opportunity  of  addressing 
you,  officially,  more  properly — ^I  may  say  more  dutifully — than  in 
revising  these  old  judgments  with  such  help  as  further  knowledge  and 
reflection,  and  an  extreme  desire  to  get  at  the  truth,  may  afford  me. 

1.  With  respect  to  the  first  proposition,  I  may  remark  that 
whatcTer  may  be  the  case  among  the  physical  geologists,  catas- 
trophic paleontologists  are  practically  extinct.  It  is  now  no  part 
of  recognized  geological  doctrine  that  the  species  of  one  formation 
all  died  out  and  were  replaced  by  a  bran-new  set  in  the  next 
formation.  On  the  contrary,  it  is  generally,  if  not  universally, 
agreed  that  the  succession  of  life  has  been  the  result  of  a  slow  and 
gradual  replacement  of  species  by  species ;  and  that  all  appearances 
of  abruptness  of  change  are  due  to  breaks  in  the  series  of  deposits, 
or  other  changes  in  physical  conditions.  The  continuity  of  living 
forms  has  been  unbroken  from  the  earliest  times  to  the  present  day. 

2,  3.  The  use  of  the  word  "  homotaxis  "  instead  of  "  synchro- 
nism "  has  not,  so  far  as  I  know,  found  much  favour  in  the  eyes  of 
geologists.  I  hope,  therefore,  that  it  is  a  love  for  scientific  caution, 
and  not  mere  personal  affection  for  a  bantling  of  my  own,  which 
leads  me  still  to  think  that  the  change  of  phrase  is  of  importance, 
and  that  the  sooner  it  is  made,  the  sooner  shall  we  get  lid  of  a 
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liutaber  of  pitfalls  which  beset  the  reasoner  upon  the  facta  and 

theories  of  geology.  v  ».  i.  -^-^ 

One  of  the  latest  pieces  of  foreign  intelligence  whic*  has  reacHea 
■as  is  llie  information  that  the  Austrian  geologists  have,  at  last, 
Buccumbed  to  the  weighty  evidence  which  M.  Barrande  has  accu- 
mulated, and  have  admitted  the  doctrine  of  colonies.  But  the  ad- 
mission of  the  doctrine  of  colonies  implies  the  further  admisMon 
that  even  identity  of  organic  remains  is  no  proof  of  the  synchronism 
of  the  deposits  which  contain  them.  ^ 

4.  The  discussions  touching  the  Eozooriy  which  commenced  m 
1864,  have  abundantly  justified  the  fourth  proposition.  In  1862, 
the  oldest  record  of  life  was  in  the  Cambrian  rocks ;  but  if  the 
Eozoon  be,  as  Principal  Dawson  and  Dr.  Carpenter  have  shown  so 
touch  reason  for  believing,  the  remains  of  a  living  being,  the  dis- 
covery of  its  true  nature  carried  life  back  to  a  period  which,  a» 
Bir  William  Logan  has  observed,  is  as  remote  fi-om  that  during 
which  the  Cambrian  rocks  were  deposited,  as  the  Cambrian  epoch 
itself  is  from  the  tertiaries.  In  other  words,  the  ascertained  dura- 
tion of  life  upon  the  globe  was  nearly  doubled  at  a  stroke. 

5.  The  significance  of  persistent  types,  and  of  the  small  amount 
t)f  change  which  has  taken  place  even  in  those  forms  which  can 
be  shown  to  have  been  modified,  becomes  greater  and  greater  in  my 
feyes,  the  longer  I  occupy  myself  with  the  biology  of  the  past. 

Consider  how  long  a  time  has  elapsed  since  the  Miocene  epoch. 
Tiet,  at  that  time,  there  is  reason  to  believe  that  every  important 
•group  in  every  order  of  the  Mammalia  was  represented.  Even  the 
comparatively  scanty  Eocene  fauna  yields  examples  of  the  orders 
Ckiroptera,  Insectivoray  Bodentia,  and  Perissodactyln ;  of  Artifidae' 
tyla  under  both  the  Buminant  and  the  Porcine  modifications ;  of 
-Camivora,  Cetacea^  and  Marsupiafia, 

Or,  if  we  go  back  to  the  older  half  of  the  Mesozoic  epoch,  how 
truly  surprising  it  is  to  find  every  order  of  the  Eeptilia,  except 
the  Ophxdiay  represented;  while  some  groups,  such  as  the  Omi- 
ihoscdida  and  the  PUrosauria,  more  specialized  than  any  which  now 
exist,  abounded. 

There  is  one  division  of  the  Amphibia  which  offers  especially 
important  evidence  upon  this  point,  inasmuch  as  it  bridges  over  the 
gap  between  the  Mesozoic  and  the  Palseozoic  formations,  ofl^n  sup- 
posed to  be  of  such  prodigious  magnitude,  extending,  as  it  does, 
from  the  bottom  of  the  Carboniferoas  series  to  the  top  of  the  Trias, 
if  not  into  the  lias.  I  refer  to  the  Labyrinthodonts.  As  the 
address  of  1862  was  passing  through  the  press,  I  was  able  to 
mention,  in  a  note,  the  discovery  of  a  large  Labyrinthodont,  with 
well-ossified  vertebr®,  in  the  Edinburgh  coal-field.  Since  that  time 
eight  or  ten  distinct  genera  of  Labyrinthodonts  have  been  discovered 
in  the  Carboniferous  rocks  of  England,  Scotland,  and  Ireland,  not 
to  mention  the  American  forms  described  by  Principal  Dawson  and 
^Professor  Cope.  So  that,  at  the  present  time,  the  Labyrinthodont 
Fauna  of  the  Carboniferous  rocks  is  more  extensive  and  diversified 
tham  that  of  the  Trias,  while  its  chief  types,  so  far  as  osteology 
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enables  ns  to  judge,  are  qtdte  as  liigblj  organized.  Thus  it  is  cer- 
tain that  a  oomparatiyely  highly  organized  vertebrate  type,  such  as 
that  of  the  Labyrinthodonts,  ia  capable  of  persisting,  with  no  con- 
siderable change,  through  the  period  represented  by  the  Tast  deposits 
which  constitute  the  Carbomferoua,  the  Permian,  and  the  Triassio 
fermations. 

The  Tery  remarkable  results  wluch  have  been  brought  to  light 
by  the  sounding  and  dredging  operations,  which  have  been  carried 
on  with  such  remarkable  success  by  the  expeditions  sent  out  by  our 
own,  Ihe  American,  and  the  Swedish  Governments,  under  the 
supervision  of  able  naturalists,  have  a  bearing  in  the  same  direction. 
These  investigations  have  demonstrated  the  existence,  at  great 
depths  in  the  ocean,  of  living  animals  in  some  cases  identical  with, 
in  others  very  similar  to,  those  which  are  found  fo88ilijEed  in  the 
white  chalk.  The  GlobigerirM!,  Coccoliths,  Coccospheres,  Discolitha 
in  the  one  are  absolutely  identical  with  those  in  the  other ;  there 
are  identical,  or  closely  analogous,  species  of  Sponges,  Echinoderms, 
and  Brachiopods.  OiET  the  coast  of  Portugal,  there  now  lives  a 
species  of  Beryx,  which,  doubtless,  leaves  its  bones  and  scales  here 
and  &ere  in  the  Atlantic  ooze,  as  its  predecessor  left  its  spoils  in 
the  mud  of  the  sea  of  the  Cretaceous  epoch. 

Many  years  ago*  I  ventured  to  speak  of  the  Atlantic  mud  as 
•*  modem  chalk,"  and  I  know  of  no  fact  inconsistent  with  the  view 
which  Professor  Wyville  Thomson  has  advocated,  that  the  modem 
chalk  is  not  only  the  lineal  descendant  of  the  ancient  ohalk,  but 
that  it  remains,  so  to  speak,  in  the  possession  of  the  ancestral 
estate;  and  that  from  the  Cretaceous  period  (if  not  much  earlier) 
to  the  present  day,  the  deep  sea  has  covered  a  large  part  of  what  is 
now  the  area  of  the  Atlantic.  But  if  Globigerina,  and  Terebratula 
caputr-terpentis  and  Beryx,  not  to  mention  other  forms  of  animals 
and  of  plants,  thus  bridge  over  the  interval  between  the  present  and 
the  Mesozoic  periods,  is  it  possible  that  the  majority  of  other  living 
filings  underwent  a  *'  eea-^hange  into  something  new  and  strange  " 
all  at  once? 

7.  Thus  far  I  have  endeavoured  to  expand  and  to  enforce  by  fresh 
arguments,  but  not  to  modify  in  any  important  respect,  the  ideas 
submitted  to  you  on  a  former  occasion.  But  when  I  come  to  the 
propositions  touching  progressive  modification,  it  appears  to  me, 
with  the  help  of  t^e  new  light  which  has  broken  from  various 
quarters,  that  there  is  much  ground  for  softening  the  somewhat 
Bmtus-like  severity  with  which,  in  1862, 1  dealt  with  a  doctrine, 
for  the  truth  of  which  I  should  have  been  glad  enough  to  be  able 
to  And  a  good  foundation.  So  far,  indeed,  as  the  Invertebrata  and 
the  lower  Verttbrata  are  concerned,  the  facts  and  the  conclu- 
sions which  are  to  be  drawn  from  them,  appear  to  me  to  remain 
what  they  were.  For  anything  that,  as  yet,  appears  to  the  con- 
trary, the  earliest  known  Marsupials  may  have  been  as  highly 
QXgaidzed  as  their  living  eongenen ;  t^e  Permian  lizards  show  no 
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signs  of  inferiority  to  those  of  the  present  day ;  the  Labyrinthodonts 
cannot  be  placed  below  the  living  Salamander  and  Triton ;  the 
Devonian  Ganoids  are  closely  related  to  PolypUru$  and  to  Lepido^ 
siren. 

But  when  we  torn  to  the  higher  Vertebrata,  the  results  of  recent 
investigations,  however  we  may  sift  and  criticize  them,  seem  to  me 
to  leave  a  dear  balance  in  favour  of  the  doctrine  of  the  evolution  of 
living  forms  one  from  another.  In  discussing  this  question,  how- 
ever, it  is  very  necessary  to  discriminate  carefully  between  the 
different  kinds  of  evidence  from  fossil  remains  which  are  brought 
forward  in  favour  of  evolution. 

Every  fossil  which  takes  an  intermediate  place  between  forms 
of  life  already  known,  may  be  said,  so  far  as  it  is  intermediate,  to 
be  evidence  in  favour  of  evolution,  inasmuch  as  it  shows  a  possible 
road  by  which  evolution  may  have  taken  place.  But  the  mere  dis- 
covery of  such  a  form  does  not,  in  itself,  prove  that  evolution  took 
place  by  and  through  it,  nor  does  it  constitute  more  than  presump- 
tive evidence  in  favour  of  evolution  in  generaL  Suppose  A,  B,  G 
to  be  three  forms,  of  which  B  is  intermediate  in  structure  between 
A  and  G.  Then  the  doctrine  of  evolution  offers  four  possible  alter- 
natives. A  may  have  become  G  by  way  of  B ;  or  G  may  have 
become  A  by  way  of  B ;  or  A  and  G  may  be  independent  modifi- 
cations of  B ;  or  A,  B,  and  G  may  be  independent  modifications  of 
some  unknown  D.  Take  the  case  of  the  Pigs,  the  Anoplotheriidcey 
and  the  Ruminants.  The  AnophtheriidcB  are  intermediate  between 
the  first  and  the  last ;  but  this  does  not  tell  us  whether  the  Kumi- 
nantB  have  come  from  the  Pigs,  or  the  Pigs  from  Buminants,  or  both 
from  Anoplotheriidce,  or  whether  Pigs,  Ruminants,  and  Anoplothe- 
riidce  alike  may  not  have  diverged  f^m  some  common  stock. 

But  if  it  can  be  shown  that  A,  B,  and  G  exhibit  successive  stages 
in  the  degree  of  modification,  or  specialization,  of  the  same  type, 
and  if,  further,  it  can  be  proved  that  they  occur  in  successively 
newer  deposits,  A  being  in  the  oldest,  and  G  in  the  newest,  then 
the  intermediate  character  of  B  has  quite  another  importance,  and 
I  should  accept  it,  without  hesitation,  as  a  link  in  the  genealogy  of 
G.  I  should  consider  the  burden  of  proof  to  be  thrown  upon  any 
one  who  denied  G  to  have  been  derived  from  A  by  way  of  B,  or  in 
some  closely  analogous  fashion ;  for  it  is  always  probable  that  one 
may  not  hit  upon  the  exact  line  of  filiation,  and,  in  dealing  with 
fossils,  may  mistake  uncles  and  nephews  for  fathers  and  sons. 

I  think  it  necessary  to  distinguish  between  the  former  and  the 
latter  classes  of  intermediate  forms,  as  intercalary  types  and  linear 
types.  When  I  apply  the  former  term,  I  merely  mean  to  say  that, 
as  a  matter  of  fact,  the  form  B,  so  named,  is  intermediate  between 
the  others,  in  the  sense  in  which  the  Anoploiherium  is  intermediate 
between  the  Pigs  and  the  Ruminants— without  either  affirming,  or 
denying,  any  direct  genetic  relation  between  the  three  forms  in- 
volved. When  I  apply  the  latter  term,  on  the  other  hand,  I 
mean  to  express  the  opinion  that  the  forms  A,  B,  and  G  constitute 
»  line  of  descent,  and  that  B  is  thus  part  of  the  lineage  of  G. 
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From  the  time  when  Cayier's  wonderfnl  researches  upon  the 
extinct  Mammals  of  the  Paris  gypsum  first  made  intercalary  types 
known,  and  caused  them  to  be  recognized  as  snch,  the  namber  of 
sach  forms  has  steadily  increased  among  the  higher  Mammalia, 
Kot  only  do  we  now  know  numerous  intercalary  forms  of  UngtJata, 
but  M.  Gaudry*B  great  monograph  upon  the  fossils  of  Hkermi 
(which  strikes  me  as  one  of  the  most  perfect  pieces  of  palsontological 
woriL  I  haTO  seen  for  a  long  time)  shows  us,  among  the  PrimaUs, 
Mesopiihecus  as  an  intercalary  form  between  the  Semnapiiheci  and 
the  Macad ;  and  among  the  Camivora,  Bycmictis  and  letitherium 
as  intercalary^  or,  perhaps,  linear  types  between  the  Vivci^rida  and 
the  HycenidcF, 

Hardly  any  order  of  the  higher  Mammalia  stands  so  apparently 
separate  and  isolated  from  the  rest  as  that  of  the  Cetaeea ;  though  a 
csjeful  consideration  of  the  structure  of  the  pinnipede  Camitfora,  or 
Beats,  shows,  in  them,  many  an  approximation  towards  the  still 
moEre  completely  marine  mammals.  The  extinct  Zetiglodon,  however, 
presents  us  with  an  intercalary  form  between  the  type  of  the  Seals 
and  that  of  the  Whales.  The  skull  of  this  great  Eocene  sea- 
monster,  in  fact,  shows — ^by  the  narrow  and  prolonged  interorbital 
i^on;  the  extensiTC  union  of  the  parietal  bones  in  a  sagittal 
suture;  the  weU-developed  nasal  bones;  the  distinct  and  large 
indsors  implanted  in  premaxiUary  bones,  which  take  a  full  share 
in  bounding  the  fore  part  of  the  gape ;  the  two-fanged  molar  teeth 
with  triangular  and  serrated  crowns,  not  exceeding  five  on  each 
side  in  each  jaw ;  and  the  existence  of  a  deciduous  dentition — its 
ekse  relation  with  the  Seals.  While,  on  the  other  hand,  the  pro- 
duced rostral  form  of  the  snout,  the  long  symphysis,  and  the  low 
coronary  process  of  the  mandible  are  approximations  to  the  ceta- 
cean form  of  those  parts. 

The  scapula  resembles  that  of  the  cetacean  ffyperoodon,  but  the 
supraspinous  fossa  is  larger  and  more  seal-like ;  as  is  the  humerus, 
which  differs  from  that  of  the  Cetaeea  in  presenting  true  articular 
surfaces  for  the  free  jointing  of  the  bones  of  the  forearm.  In  the 
apparently  complete  absence  of  hinder  limbs,  and  in  the  cha- 
racters of  the  vertebral  column,  the  Zeughdon  lies  on  the  cetacean 
side  of  the  boundary  line ;  so  that,  upon  the  whole,  the  Zeuglodonts, 
transitional  as  they  are,  axe  conveniently  retained  in  the  cetacean 
order.  And  the  publication,  in  1864,  of  M.  Van  Beneden's  memoir 
on  the  Miocene  and  Pliocene  Sqiudodon,  ^mished  much  better  means 
than  anatomists  previously  possessed  of  fitting  in  another  link  of 
the  chain  which  connects  the  existing  Cetaeea  with  Zeuglodon,  The 
teeth  are  much  more  numerous,  although  the  molars  exhibit  the 
zeuglodont  double  fang;  the  nasal  bones  are  very  short,  and  the 
upper  surface  of  the  rostrum  presents  the  groove,  filled  up  during 
life  by  the  prolongation  of  the  ethmoidal  cartilage,  which  is  so  cha- 
racteristic of  the  majority  of  the  Cetaeea. 

It  appears  to  me  that,  just  as  among  the  existing  Camivora^  the 
walruses  and  the  eared  seals  are  intercalary  forms  between  the 
fissipede  Camivora  and  the  ordinary  seals,  so  the  Zeuglodons  are 
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intercalarj  between  the  Camivora,  as  a  whole,  and  the  Cetacea, 
Whether  the  Zeaglodonts  are  also  linear  types  in  their  relation  to 
these  two  groups  cannot  be  ascertained,  untU  we  have  more  definite 
knowledge  than  we  possess  at  present,  respecting  the  relations  in 
time  of  the  Camivora  and  Cetacea, 

Thus  far  we  have  been  concerned  with  the  intercalary  types  which 
occupy  the  iDtervals  between  Families  or  Orders  of  the  sieune  class  ; 
but  the  investigations  which  have  been  carried  on  by  Prof.  Gegen- 
banr.  Prof.  Cope,  and  myself  into  the  structure  and  relations  of  the 
extinct  reptilian  forms  of  the  Omithoscelida  (or  Dinosaturia  and 
C^mpsognaiha)  have  brought  to  light  the  exiBtence  of  intercalary 
forms  between  what  have  hitherto  been  always  regarded  as  very 
distinct  classes  of  the  vertebrate  subkingdom,  namely  B^tUia 
and  Aves.  Whatever  inferences  may,  or  may  not,  be  drawn  trouk 
the  fact,  it  is  now  an  established  truth  that  in  many  of  these  Omi-' 
ihoscelidUi  the  hind  limbs  and  the  pelvis  are  much  more  similar 
to  those  of  Birds  than  they  are  to  those  of  Beptiles,  and  that 
these  Bird-reptiles  or  Beptile-birds  were  more  or  less  completely 
bipedal. 

When  I  addressed  you  in  1862, 1  should  have  been  bold  indeed 
had  I  suggested  that  palseontology  would  before  long  show  us  the 
possibility  of  a  direct  transition  from  the  type  of  the  lizard  to  that 
of  tbe  ostrich.  At  the  present  moment  we  have,  in  the  Ornithoscelida, 
the  intercalary  type,  which  proves  that  transition  to  be  something 
more  than  a  possibility ;  but  it  is  very  doubtful  whether  any  of  the 
genera  of  Omithoscdida  with  which  we  are  at  present  acquainted 
are  the  actual  linear  types  by  which  the  transition  from  the  lizard  to 
the  bird  was  effected.  These,  very  probably,  are  still  hidden  from 
us  in  the  older  formations. 

Let  us  now  endeavour  to  find  some  cases  of  true  linear  types,  or 
forms  which  are  intermediate  between  others  because  they  stand  in 
a  direct  genetic  relation  to  them.  It  is  no  easy  matter  to  find  clear 
and  unmistakable  evidence  of  filiation  among  fossil  animals ;  for,  in 
order  that  such  evidence  should  be  quite  satisfactory,  it  is  necessary 
that  we  should  be  acquainted  with  all  the  most  important  features 
of  the  oi^nization  of  the  animals  which  are  supposed  to  be  thus 
related,  and  not  merely  with  the  fragments  upon  which  the  genera 
and  species  of  the  palaeontologist  are  so  often  based.  M.  Gaudry 
has  arranged  the  species  of  ByceniddBy  Probascidea,  Bhinoeerotidce,  and 
Equida  in  their  order  of  filiation  from,  their  earliest  appearance  in 
the  Miocene  epoch  to  the  present  time,  and  Professor  RiLtimeyer  has 
drawn  up  similar  schemes  for  the  Oxen  and  other  UnguUita — witih 
what,  I  am  disposed  to  think,  is  a  fair  and  probable  approximation  to 
the  order  of  nature.  But,  as  no  one  is  better  aware  tiian  these  two 
learned,  acute,  and  philosophical  biologists,  all  such  arrangements 
must  be  regarded  as  provisional,  except  in  those  cases  in  which,  by 
a  fortunate  accident,  large  series  of  remains  are  obtainable  from  a 
thick  and  wide-spread  series  of  deposits.  It  is  easy  to  accumulate 
probabilitiee — ^hiu:d  to  make  out  some  particular  case  in  sudbi  a 
way  that  it  will  stand  rigorous  critioi3m. 
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After  much  search,  however,  I  think  thai  weh  a  caee  is  to  be 
nade  out  ia  favoor  of  the  pedig^  of  the  Horses. 

The  geniis  iS^ii«  is  represented  as  far  back  as  the  latter  part  of 
the  Miocene  ^poch ;  but  in  deposits  belonging  to  the  middle  of  that 
epoch  its  place  is  taken  by  two  other  genera,  Mippar'um  and  Anehi- 
tikerium  * ;  and  in  the  lowest  Miocene  and  upper  £ooene  only  the 
last  genua  ogciub.  A  species  of  Anchith4rium  was  referred  by 
Cuvier  to  the  JPlodaotheria  under  the  name  of  P,  aursUaneTia^,  The 
grindin^teeth  are  in  £aet  yeiy  similar  in  shape  and  in  pattern* 
and  in  the  absence  of  any  thick  layer  of  cement,  to  those  of  some 
epeciee  of  PcUcBotherium^  especially  Cuvier's  FaicBOtherium  minus, 
which  has  been  formed  into  a  separate  genus,  PlagiolophuSj  by 
PomeL  But  in  the  foet  that  there  are  only  six  fuU-sizcd  grindeia 
in  the  lower  jaw,  the  first  premolar  being  very  small,  that  the 
anterior  grinders  are  as  large  as  or  rather  larger  than  the  posterioi 
ones,  that  the  second  premolar  has  an  anterior  prolongation,  and 
that  the  poetehor  molar  of  the  lower  jaw  has,  as  Cuvier  pointed 
oat,  a  posterior  lobe  of  mueh  smaller  size  and  di£ferent  form,  the 
dentitien  of  AnekUhsrium  departs  from  the  type  of  the  Pahjeoihe^ 
rtum,  and  approaches  that  of  the  Horse. 

A^ain,  the  skeleton  of  AMhitherium  is  extremely  equine.  M, 
Chrifitol  goes  so  far  as  to  say  that  the  description  of  the  bones  of 
the  h<»'be,  or  the  ass,  current  in  veterinary  works,  would  fit  those  of 
Anchiiherium,  And,  in  a  general  way,  this  may  be  true  enough ;  but 
there  are  some  most  important  differences,  which,,  indeed,  are  justly 
indicated  by  the  same  careful  observer.  Thus  the  ulna  is  complete 
throughout,  and  its  shaft  is  not  a  mere  rudiment,  fused  into  one 
bone  with  the  radius.  There  are  three  toes,  one  large  in  the  middle 
and  one  small  on  each  side.  The  femur  is  quite  like  that  of  a 
horse,  and  has  the  characteristic  fospa  above  the  external  condyle. 
In  the  British  Museum  there  is  a  most  instructive  specimen  of  the 
leg-bones,  showing  that  the  fibula  was  repreeented  by  the  external 
malleolus  and  by  a  flat  tongue  of  bone,  which  extends  up  from  it 
on  the  outer  side  of  the  tibia,  and  Lb  closely  anchylosed  with  the 
latter  bone  f.  The  hind  toes  are  three,  like  those  of  the  fore  leg  ; 
and  the  middle  metatarsal  bone  is  much  less  compressed  from  side 
to  side  than  that  of  the  horse. 

In  the  JJipparion  the  teeth  nearly  resemble  those  of  the  Horses, 
though  the  crowns  of  the  grinders  are  not  so  long ;  like  those  of  the 

*  Hermum  ron  Meyer  gare  the  name  of  Anckitherium  to  A.  EzqutrrcB ;  and 
in  his  paper  on  the  subject  he  takes  great  pains  lo  disiinguisfa  the  latter  as  the 
Ivpe  of  a  new  genut,  from  Curier's  Palaothirium  d*  Orleann,  But  it  is  precisely 
vibPiUaoiherivm  d' Orleans  which  is  the  typo  of  ChristoPs  genus  Hippari/herium ; 
and  thus,  though  Hipparitherium  is  of  later  date  than  Anckitherium^  it  seemed 
to  me  to  have  a  sort  of  equitable  right  to  recognition  when  this  address  was 
writteo.     On  the  whole,  howeycr,  it  seems  most  convenient  to  adopt  Anchi- 

1 1  am  indebted  to  Mr.  Gbrrais  for  a  specimen  which  indicates  that  the  flbuU 
was  oompleta,  at  any  rate  in  some  cases ;  and  for  a  very  interesting  ramus  of  a 
mandible,  which  shows  that,  as  in  the  Palaotheria,  the  hindermost  milk-molar 
of  the  lower  jaw  was  devoid  of  the  posterior  lobe  which  exists  in  the  hindermost 
Iruenurfar. 
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Horses  they  are  abundantly  coated  with  cement.  The  shaft  of  the 
ulna  is  reduced  to  a  mere  style  anchyloeed  throughout  nearly  its 
whole  length  with  the  radius,  and  appearing  to  be  little  more  than  a 
ridge  on  the  surfiekce  of  the  latter  bone  until  it  is  carefully  examined. 
The  front  toes  are  still  three,  but  the  outer  ones  are  more  slender 
than  in  AnchitTierium,  and  their  hoofs  smaller  in  proportion  to 
that  of  the  middle  toe ;  they  are,  in  fact,  reduced  to  mere  dew- 
claws,  and  do  not  touch  the  ground.  In  the  leg,  the  distal  end  of 
the  fibula  is  so  completely  united  with  the  tibia  that  it  appears  to  be 
a  mere  process  of  the  latter  bone,  as  in  the  Horses. 

In  Equtu,  finally,  the  crowns  of  the  grinding-teeth  become  longer, 
and  their  patterns  are  slightly  modified ;  the  middle  of  the  shaft 
of  the  ulna  usually  vanishes,  and  its  proximal  and  distal  ends  anchy- 
lose  with  the  radius.  The  phalanges  of  the  two  outer  toes  in  each 
foot  disappear,  their  metacarpal  and  metatarsal  bones  being  left  aa 
the  "  splints." 

The  Hipparion  has  large  depressions  on  the  face  in  front  of  the 
orbits,  like  those  for  the  "  larmiers  "  of  many  ruminants ;  but  traces 
of  these  are  to  be  seen  in  some  of  the  fossil  horses  from  the  Sewalik 
Hills ;  and,  as  Leidy's  recent  researches  show,  they  are  preserved 
in  AnehitJierium, 

When  we  consider  these  facts,  and  the  further  drcumstanoe  that 
the  Hipparions,  the  remains  of  which  have  been  collected  in  immense 
numbers,  were  subject,  as  M.  Gaudry  and  others  have  pointed  out, 
to  a  great  range  of  variation,  it  appears  to  me  impossible  to  resist 
the  conclusion  that  the  types  of  the  Anchitherium,  of  the  Htppa- 
rian,  and  of  the  ancient  Horses  constitute  the  lineage  of  the  moidem 
Horses,  the  Hipparion  being  the  intermediate  stage  between  the 
other  two,  and  answering  to  B  in  my  former  illustration. 

The  process  by  which  the  AnchiUierium  has  been  converted  into 
Equus  is  one  of  specialization,  or  of  more  and  more  complete  devi- 
ation from  what  might  be  called  the  average  form  of  an  ungulate 
mammal.  In  the  Horses,  the  reduction  of  some  parts  of  the  limbs, 
together  with  the  special  modification  of  those  which  are  left,  ia 
carried  to  a  greater  extent  than  in  any  other  hoofed  mammals. 
The  reduction  is  less  and  the  specialization  is  less  in  the  Hippo- 
rion,  and  still  less  in  the  An^itherium;  but  yet,  as  compared 
with  other  mammals,  the  reduction  and  specialLzation  of  parts  in 
the  Anchitherium  remains  great. 

Is  it  not  probable  then,  that,  just  as  in  the  Miocene  epoch,  we 
find  an  ancestral  equine  form  less  modified  than  Equus,  so,  if  we 
go  back  to  the  Eocene  epoch,  we  shall  find  some  quadruped  related 
to  the  Anchitherium,  as  Hipparion  is  related  to  EguuSy  and  conse- 
quentiy  departing  less  from  the  average  form  ? 

I  think  that  this  desideratum  is  very  nearly,  if  not  quite,  supplied 
by  Plagioiophus,  remains  of  which  occur  abundantly  in  some  parts 
of  the  Upper  and  Middle  Eocene  formations.  The  patterns  of  the 
gnndiug-teeth  of  Plagioiophus  are  similar  to  those  of  AncJiithe^ 
num  and  their  crowns  are  as  thinly  covered  with  cement :  but  the 
grinders  diminish  m  size  forwards,  and  the  last  lower  molar  has  a 
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kige  hind  lobe,  convex  onfcwudii  and  ooncare  inwaxda,  m  in  Baltm 
Aermm,  The  idna  ia  complete  and  mneh  larger  than  in  anj  of  the 
BqiMfBy  while  it  ia  more  alender  than  in  moat  of  the  tme  i\i2a»- 
iKeria;  it  ia  fixedly  united  bat  not  anchyloeed  with  the  radina. 
There  are  three  toea  in  the  fore  limb,  the  outer  onea  being  alender, 
bat  leea  attenuated  than  in  the  EguicUB.  The  femur  is  more  like 
that  of  the  Pakeotheria  than  that  of  the  horse,  and  has  onlj  a  amall 
depreaaion  above  ita  outer  condyle  in  the  place  of  the  great  foaaa 
which  ia  ao  obvioua  in  the  EqiUdce.  The  fibula  is  distinct,  but  very 
dendra',  and  ita  distal  end  is  anchyloaed  with  the  tibia.  There  are 
three  toea  on  the  hind  foot  having  similar  proportions  to  those  on 
the  fore  foot.  The  principal  metacarpal  and  metatarsal  bonea  axe 
flatter  than  they  are  in  any  of  the  Eqmdix ;  and  the  metacarpal 
bones  are  longer  than  the  metatarsala,  aa  in  the  PalcBotheria, 

In  its  general  form,  FlagioUyphug  xesemblee  a  very  amall  and 
alender  horse* ;  and  is  totally  unlike  the  reluctant,  pig-like  creature 
depicted  in  Cuvier'a  restoration  of  his  PdUxoOurium  minuM  in  the 
'Oaaemens  Fossiles.' 

It  would  be  hazardous  to  say  that  PlagioUnphuM  is  the  exact  radical 
finm  of  the  Equine  quadrupeds ;  but  I  do  not  think  there  can  be 
any  leaaonable  doubt  that  the  latter  animals  have  resulted  firom  the 
modification  of  some  quadruped  similar  to  Plagiolophu$. 

We  have  thus  arrived  at  the  Middle  Eocene  formation,  and  yet 
have  traced  back  the  Horses  only  to  a  three-toed  stock ;  but  these 
three-toed  forms,  no  less  than  the  Equine  quadrupeds  themselvea, 
present  rudiments  of  the  two  other  toes  which  appertain  to  what  I 
have  termed  the  *'  average''  quadruped.  If  the  expectation  raised  by 
the  splints  of  the  Horses  that,  in  some  ancestor  of  the  Horses,  these 
splints  would  be  found  to  be  complete  digits,  has  been  verified,  we 
are  fumiahed  with  very  strong  reaaons  for  looking  for  a  no  less 
complete  verification  of  the  expectation  that  the  three-toed  Plaguh- 
lophuiAike  *'avus"  of  the  horse  must  have  had  a  five-toed  ^^atavus" 
at  some  earlier  period. 

No  soch  five-toed  **  atavus,"  however,  has  yet  made  ita  appear- 
ance among  the  few  middle  and  older  Eocene  Mammalia  which  are 
known. 

Another  series  of  closely  affiliated  forma,  though  the  evidence  they 
afford  is  perhaps  less  complete  than  that  of  the  Equine  series,  is  pre- 
sented to  us  by  the  Diehcimne  of  the  Eocene  epoch,  the  Cainotherium 
of  the  Miocene,  and  the  TragtdicUB,  or  so-cailled  **  Musk-deer,"  of 
the  present  day. 

The  TraguUda  have  no  incisors  in  the  upper  jaw,  and  only  six 
grinding-teeth  on  each  side  of  each  jaw ;  while  the  canine  is  moved 
up  to  the  outer  incisor,  and  there  is  a  diastema,  in  the  lower  jaw. 
There  are  four  complete  toes  on  the  hind  foot,  but  the  middle  meta- 
taisala  usually  become,  sooner  or  later,  anchyloaed  into  a  cannon 

*  Saeb,  at  Irast*  ia  the  conclusion  luggested  by  the  proportions  of  the  skeleton 
llgnred  by  Curler  and  Be  Blainrille ;  but  perhkps  something  between  a  Horse 
and  an  Agouti  would  be  neareat  the  mark. 
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boae.  The  nftvicolar  and  the  cuboid  xmte,  and  the  distal  end  of  the 
£bula  is  anchylosed  with  the  tibia. 

In  Cainatkerium  and  Dichobun^  the  upper  incisors  are  fdllj  deye- 
loped.  There  are  seven  grinders ;  the  teeth  form  a  continuous  seriea 
without  a  diastema.  The  metatarsals,  the  navicular  and  cubcHd,  and 
the  distal  end  of  the  fibula  remain  free.  In  the  Cainotherium,  also,  the 
second  metacarpal,  is  developed,  but  is  much  shorter  than  the  third* 
while  the  fifth  is  absent  or  rudimentary.  In  this  respect  it  resembles 
Anoplotherium  secundarium.  This  circumstance,  and  the  peculiar 
pattern  of  the  upper  molars  in  Cainotherium,  lead  me  to  hesitate  in. 
considering  it  as  the  actual  ancestor  of  the  modem  TraguUda,  If 
Dichobufu  has  a  four- toed  fore  foot  (though  I  am  inclined  to  suspect 
it  resembles  Caifwtherium)  it  will  be  a  better  representative  of  the 
oldest  forms  of  the  Traguline  series ;  but  Dichohune  occurs  in  the 
Kiddie  Eocene  and  is,  in  fact»  the  oldest  known  artiodactyle  mammal. 
Where,  then,  must  we  look  for  its  five-toed  ancestor  ? 

If  we  follow  down  other  lines  of  recent  and  tertiary  Ungulata,  the 
same  question  presents  itself.  The  Pigs  are  traceable  ba^  through 
the  Miocene  epoch  to  the  Upper  Eocene,  where  they  appear  in  the 
two  well-marked  forms  of  Hyopotamus  and  Choerapotamtts ;  but 
Hyopotamus  appears  to  have  had  only  two  toes. 

Again,  all  the  great  groups  of  the  Ruminants,  the  Bovidce,  Anti-- 
lopidoB,  CanulopardalidcBy  and  Cervidce,  are  represented  in  the 
Miocene  epoch,  and  so  are  the  Camels.  The  Upper-Eocene  Anoplo^ 
iherium,  which  is  intercalary  between  the  Pigs  and  the  Tra^tdidm^ 
has  only  two  or,  at  most,  three  toes.  Among  the  scanty  mammala 
of  the  Lower  Eocene  formation  we  have  the  perissodactyle  Ungulmta 
represented  by  CarypJicdon,  ffyracotherium,  and  PiioJophus,  Sup^ 
pose  for  a  moment,  for  the  sake  of  following  out  the  alignment,  that 
riiohpkus  represents  the  primary  stock  of  the  Perissodactyles,  and 
Dichobune  that  of  the  Artiodactyles  (though  I  am  far  from  saying 
that  such  is  the  case),  then  we  find  in  the  earliest  fauna  of  the 
Eocene  epoch  to  which  our  investigations  carry  us  the  two  divisions 
of  the  UngtUata  completely  differentiat-ed,  and  no  trace  of  any 
common  stock  of  both  or  five- toed  predecessors  to  either.  With  the 
case  of  the  Horses  before  us,  justifying  a  belief  in  the  production  of 
new  animal  forms  by  modification  of  old  ones,  I  see  no  escape  from 
the  necessity  of  seeking  for  these  ancestors  of  the  Ungulata  beyond 
the  limits  of  the  Tertiary  formations. 

I  could  as  soon  admit  special  creation,  at  once,  as  suppose  that  the 
Perissodactyles  and  Artiodactyles  had  no  five-toed  ancestors.  And 
when  we  consider  how  large  a  portion  of  the  Tertiary  period  elapsed 
before  AnchitJurium  was  converted  into  Equua,  it  is  difficult  to 
escape  the  conclusion  that  a  large  proportion  of  time  anterior  to  the 
Tertiary  must  have  been  expended  in  converting  the  common  stock 
of  the  Ungulata  into  Perissodactyles  and  Artiodactyles. 

The  same  moral  is  inculcated  by  the  study  of  every  other  order 
of  Tertiary  monodelphous  Mammalia,  Each  of  these  orders  b  repre- 
sented in  the  Miocene  epoch:  the  Eocene  formation,  as  I  have 
already  said,  contains  Ckiroptera^  Insectivora,  Bodentia,  Ungulata^ 
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eatioDS  of  the  Inuetwora^  just  ae  the  CeUuea  are  extreme  modifica- 
tioDB  of  the  CamivoroQB  type;  aod  therefcnre  it  is  to  my  mind 
incredible  that  moaodelphoae  In9edivara  and  Camivara  should  not 
hare  been  abundantly  developed*  along  with  Unffidata,  in  the  Meso- 
zoic  epoch.  But  if  this  be  the  case,  how  much  further  back  mutt 
we  go  to  find  the  common  stock  of  the  monoddiphous  Mammalia  ? 
As  to  the  Diddfhia^  if  we  may  trust  the  eTidenoe  which  seems  to 
be  afforded  by  their  very  scanty  remains,  a  Hypsiprymnoid  form 
existed  at  the  epoch  of  the  Trias,  side  by  side  with  a  carnivorous 
form.  At  the  epoch  of  the  Trias,  therefore,  the  Martupialia  must 
have  already  existed  long  enough  to  have  become  dtifferentiated 
into  carnivorous  and  herbivorous  forms.  But  the  Monotrtmata  are 
lower  forms  than  the  Didelphia^  which  last  are  intercalary  between 
the  OmUhodelphia  and  the  MowKUlphia,  To  what  point  of  the 
PalsBozmc  epoch,  then,  must  we,  upon  any  rational  estimate,  relegate 
the  origin  of  the  M<motremata? 

The  investigation  of  the  occurrence  of  the  classes  and  of  the 
erdeiB  of  the  iSauropsida  in  time  points  in  exactly  the  same  direc- 
tion. If,  as  there  is  great  reason  to  believe,  true  Birds  existed  in  the 
Triassic  epoch,  the  omithoscelidous  forms  by  which  Reptiles  passed 
into  Birds  must  have  preceded  them.  In  fact  there  is,  even  at 
present,  considerable  ground  for  suspecting  the  existence  of  Dtno- 
mwria  in  the  Permian  formations ;  but,  in  that  case,  lizards  must  be 
of  still  earlier  date.  And  if  the  very  small  differences  which  art 
observable  between  the  Croeodilia  of  the  older  Mesozoic  formations 
and  those  of  the  present  day  furnish  any  sort  of  approximation 
towords  an  estimate  of  the  average  rate  of  change  among  the  Sau^ 
ropstdOf  it  is  almost  apptdling  to  reflect  how  far  back  in  Palssoaoio 
times  we  must  go  before  we  can  hope  to  arrive  at  that  common  stock 
from  which  the  GrocodUiay  LacertUiaf  Omithoscelida,  and  Ple$iO' 
tanria,  which  had  attained  so  great  a  development  in  the  Triassic 
epoch,  must  have  been  derived. 

The  Amphibia  and  PiteeM  tell  the  same  story.  There  is  not  a 
single  class  of  vertebrated  animals  which,  when  it  first  appears,  is 
represented  by  analogues  of  the  lowest  known  members  of  the  same 
class.  Therefore,  if  there  is  any  truth  in  the  doctrine  of  evolution, 
every  class  must  be  vastly  older  than  the  first  record  of  its  appear- 
ance upon  the  surface  of  the  globe.  But  if  considerations  of  this 
kind  compel  us  to  place  the  origin  of  vertebrated  animals  at  a  period 
sufficiently  distant  from  the  Upper  Silurian,  in  which  the  first  £las- 
mobranchs  and  Ganoids  occur,  to  allow  of  the  evolution  of  such  fishes 
as  these  from  a  Vertebrate  as  simple  as  the  Amphiojms,  1  can  only 
repeat  that  it  is  appalling  to  speculate  upon  the  extent  to  which 
that  origin  must  have  preceded  the  epoch  of  the  first  recorded 
appearance  of  vertebrate  life. 

Such  is  the  further  commentary  which  I  have  to  offer  upon  the 
statement  of  the  chief  results  of  paLeeontology  which  I  formerly  ven- 
tured  to  lay  before  you. 
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But  the  growth  of  knowledge  in  the  interval  makes  me  conscious 
of  an  omission  of  considerable  moment  in  that  statement,  inasmnch. 
as  it  contains  no  reference  to  the  bearings  of  palaeontology  upon  the 
theory  of  the  distribution  of  life ;  nor  takes  note  of  the  remarkable 
manner  in  which  the  facts  of  distribution,  in  present  and  past 
times,  accord  with  the  doctrine  of  evolution,  especially  in  regard  to 
land  animals. 

That  connexion  between  palaeontology  and  geology  on  the  one 
hand,  and  the  present  distribution  of  terrestrial  animals,  which  so 
strikingly  impressed  Mr.  Darwin  thirty  years  ago  as  to  lead  him  to 
speak  of  a  "  law  of  succession  of  types,"  and  of  the  wonderful  rela- 
tionship on  the  same  continent  between  the  dead  and  the  living, 
has  recently  received  much  elucidation  from  the  researches  of 
Gaudry,  of  Riitimeyer,  of  Leidy,  and  of  Alphonse  Milne-Edwards, 
taken  in  connexion  with  the  earlier  labours  of  our  lamented  col- 
league Falconer ;  and  it  has  been  instructively  discussed  in  the 
thoughtful  and  ingenious  work  of  Mr.  Andrew  Murray  *  On  the 
Greographical  Distribution  of  Mammals'*. 

I  propose  to  lay  before  you,  as  briefly  as  I  can,  the  ideas  to  which 
a  long  consideration  of  the  subject  has  given  rise  in  my  own  mind. 

If  the  doctrine  of  evolution  is  sound,  one  of  its  immediate  con- 
sequences clearly  is,  that  the  present  distribution  of  life  upon  the 
globe  is  the  product  of  two  factors,  the  one  being  the  distribution 
which  obtained  in  the  immediately  preceding  epoch,  and  the  other 
the  character  and  the  extent  of  the  changes  which  have  taken  place 
in  physical  geography  between  the  one  epoch  and  the  other ;  or,  to 
put  the  matter  in  another  way,  the  Fauna  and  Flora  of  any  g^ven 
area,  in  any  given  epoch,  can  consist  only  of  such  forms  of  life  as 
are  directly  descended  from  those  which  constituted  the  Fauna  and 
Flora  of  the  same  area  in  the  immediately  preceding  epoch,  unless 
the  physical  geography  (under  which  I  include  dimatal  conditions) 
of  the  area  has  been  so  altered  as  to  give  rise  to  immigration  of 
living  forms  from  some  other  area. 

The  evolutionist,  therefore,  is  bound  to  grapple  with  the  following 
problem  whenever  it  is  clearly  put  before  him : — Here  are  the  Faunae 
of  the  same  area  during  successive  epochs.  Show  good  cause  for 
believing  either  that  these  Faunae  have  been  derived  from  one 
another  by  gradual  modification,  or  that  the  Faunae  have  reached  the 
area  in  question  by  migration  from  some  area  in  which  they  have 
undergone  their  development. 

I  propose  to  attempt  to  deal  with  this  problem,  so  far  as  it  is  ex- 
emplified by  the  distribution  of  the  terrestrial  Vertebrata,  and  I 
shall  endeavour  to  show  you  that  it  is  capable  of  solution  in  a  sense 
entirely  favourable  to  the  doctrine  of  evolution. 

*  The  paper  "  On  the  Form  and  Di«fribution  of  the  Land-traots  during  the 
Secondary  and  Tertiary  periods  respecb'yelj;  and  on  the  effeot  upon  Animal 
Life  which  great  changes  in  Greographical  Configuration  hnve  probably  pro- 
duced," by  Mr.  Searles  Y.  Wood,  Jun.,  which  was  published  in  the  'Philoso- 
phical Magazine'  in  1862,  was  unknown  to  me  when  this  Address  was  written. 
It  is  well  worthy  of  the  most  careful  study. 
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I  hare  elaewhere  *  stated  at  lengtli  tba  reasons  which  lead  me  to 
leoognize  four  primary  distributioiial  provineee  for  the  terrestrial 
Vertebrata  in  tiie  present  world,  namely, — ^first,  the  Novozelanian, 
or  New-Zealand  provinoe ;  secondly,  the  Atutralian  province,  in- 
eluding  Australia,  Tasmania,  and  tiie  Negrito  Islands;  thirdly, 
Avttro-Columlnaj  or  South  America  plus  North  America  as  far  as 
Mexico  ;  and  fourtidy,  the  rest  of  the  world,  or  Arctogmaj  in  which 
province  America  north  of  Mexico  constitutes  one  subprovinoe, 
Africa  Bouth  of  the  Sahara  a  second,  Hindoetan  a  third,  and  the 
remainder  of  the  Old  World  a  fourth. 

Now  the  truth  which  Mr.  Darwin  perceived  and  promulgated  as 
*'the  lavr  of  the  succession  of  types'*  is,  that  in  all  these  pro- 
vinces the  animals  found  in  Pliocene  or  later  deposits  are  doeely 
affined  to  those  which  now  inhabit  the  same  provinces ;  and  that, 
conversely,  the  forms  characteristic  of  other  provinces  are  absent. 
Nortli  and  South  America,  perhaps,  present  one  or  two  exceptions  to 
the  last  rule,  but  they  are  readily  susceptible  of  explanation.    Thus, 
in  Australia,  the  later  Tertiary  mammals  are  marsupials  (possibly 
with  exception  of  the  Dog  and  a  Rodent  or  two,  as  at  present).     In 
Austro-Golumbia  the  later  Tertiary  fiiuna  exhibits  numerous  and 
varied  forms  of  Platyrrhine  Apes,  Rodents,  Cats,  Dogs,  Stags,  JElim* 
foto,  and  Opossums ;  but,  as  at  present,  no  Catarrhine  Apes,  no 
Lemun,  no  In9€eUvora,  Oxen,  Antelopes,  Bhinoceroses,  or  Dtddphia 
other  than  Opossums.     And  in  the  wide-spread  Arctogaeal  province, 
the  Pliocene  and  later  mammals  belong  to  the  same  groups  as  those 
which  now  exist  in  the  province.     The  law  of  succession  of  types, 
therefore,  holds  good  for  the  present  epoch  as  compared  with  its  pro- 
decessor.     Does  it  equally  well  apply  to  the  Pliocene  fauna  when 
we  compare  it  with  that  of  the  Miocene  epoch  ?     By  great  good  for- 
tune an  extensive  mammalian  fauna  of  this  epoch  has  now  become 
known,  in  four  very  distant  portions  of  the  Arctogeal  province  which 
do  not  differ  greatly  in  latitude.     Thus  Falconer  and  Cautley  have 
made  known  ^e  fauna  of  the  sub-Himalayas  and  the  Perim  Islands ; 
Gaudry  that  of  Attica ;  many  observers  that  of  Central  Europe  and 
France;  and  Leidy  that  of  Nebraska,  on  the  eastern  flank  of  the  Rocky 
Mountains.    The  results  are  very  striking.    The  total  Miocene  fauna 
comprises  many  genera  and  species  of  Catarrhine  Apes,  of  Bats,  of 
InsecHvora,  of  Arctogseal  types  of  Bodentia,  of  ProbcseicUa^   of 
equine,  rhinocerotic,  and  tapirine  quadrupeds,  of  cameline,  bovine, 
antilopine,  cervine,  and  tragoline  Ruminants,  of  Pigs  and  Hippo- 
potamuses,  of  ViverridcB  and  HyanidcB  among  other  Camivara^ 
with   Edentata' BJhed  to  the   Arctc^SBal    Orycteropus  and  Manis, 
and  not  to  the  Austro-Columbian  Edentates.    The  only  type  pre- 
sent in  the  Miocene,  but  absent  in  the  existing  fauna  of  Eastern 
Arctogsa  is  that  of  the  Didelphidoe^  which,  however,  remains  in 
North  America. 

But  it  is  very  remarkable  that  while  the  Miocene  fauna  of  the 
Arctogseal  province,  as  a  whole,  is  of  the  same  character  as  the  ex- 

"On  the  daflsification  and  DUtribution  of  the  Alectoromorpiue,"  Pro- 
wcdingB  of  the  Zoologictl  Sodefy,  1868. 
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kting  ilftima  of  the  same  prorinoe,  as  a  wbole,  the  component  elements 
of  the  fauna  were  differently  associated.  In  the  Ifiooene  epoch. 
North  America  possessed  Elephants^  Horses,  Bhinoceroees,  and  a 
great  number  and  variety  of  Ruminants  and  Pigs,  which  are  absent 
in  the  present  indigenous  fauna ;  Europe  had  its  Apes,  Elephants, 
Bhinoceroees,  Tapirs,  Musk-deer,  Qiraffi»,  Hysenas,  great  CatB,Edeib- 
tates,  and  Opossum-like  Marsupials,  which  have  equaUy  yaniriied 
from  its  present  fauna ;  and  in  Northern  India,  the  African  types 
<tf  Hippopotamuses,  Giraffes,  and  Elephants  were  mixed  up  with  what 
are  now  the  Asiatic  types  of  the  latter,  and  with  Camels  and  6em- 
nopithedne  and  Pithecine  Apes  of  no  less  distinctly  Asiatic  forms. 

In  fact  the  Miocene  mammaUan  fauna  of  Europe  and  the  Hima- 
layan regions  contains,  associated  together,  the  types  which  are  now 
separately  located  in  the  South- African  and  Indian  subproyinces  of 
Arctogeea.  Now  there  is  every  reason  to  believe,  on  other  grounds, 
that  both  Hindostan,  south  of  the  Oanges,  and  Africa,  south  of  the 
Sahara,  were  separated  by  a  wide  sea  from  Europe  and  North  Asia 
during  the  Middle  and  Upper  Eocene  epochs.  Hence  it  becomes 
highly  probable  that  the  well-known  similarities,  and  no  less  re- 
markable differences,  between  the  present  Faune  of  India  and  South 
Africa  have  arisen  in  some  such  fashion  as  the  following.  Some  time 
during  the  Miocene  epoch,  possibly  when  the  Himalayan  chain  was 
elevated,  the  bottom  of  the  nummulitic  sea  was  upheaved  and  con- 
verted into  dry  land,  in  the  direction  of  a  line  extending  from 
Abyssinia  to  the  mouth  of  the  Ganges.  By  this  means,  the  Dekhan 
on  the  one  hand,  and  South  Africa  on  the  other,  became  connected 
with  the  Miocene  dry  land  and  with  one  another.  The  Miocene 
mammals  spread  gradually  over  this  intermediate  dry  land,  and  if 
the  condition  of  its  eastern  and  western  ends  offered  as  wide  con- 
trasts as  the  valleys  of  the  Ganges  and  Arabia  do  now,  many  forms 
which  made  their  way  into  Africa  must  have  been  different  from 
those  which  reached  the  Dekhan,  while  others  might  pass  into  both 
these  subprovinces. 

That  there  was  a  continuity  of  dry  land  between  Europe  and 
North  America  during  the  Miocene  epoch,  appears  to  me  to  be  a 
necessary  consequence  of  the  fact  that  many  genera  of  terrestrial 
Mammals,  such  as  Castor,  Hystrix,  Elephas,  Afastodwiy  Equm,  ffip^ 
parum,  Andiitheriumy  Rhinoceros,  Cervus,  Amphieyon,  Hyaenarctog, 
and  MiiehairoduSy  are  common  to  the  Miocene  formations  of  the  two 
areas,  and  have  as  yet  been  found  (except  perhaps  AnMiherium) 
in  no  deposit  of  earlier  age.  Whether  this  connexion  took  place  by 
the  east,  or  by  the  west,  or  by  both  sides  of  the  Old  World,  there  is 
at  present  no  certain  evidence,  and  the  question  is  immaterial  to-  the 
present  argument ;  but,  as  there  are  good  groimds  for  the  belief  that 
the  Austrsdian  province  and  the  Indian  and  South-African  subpro- 
vinces were  eeparated  by  sea  from  the  rest  of  Arctogeea  before  the 
Miocene  epoch,  so  it  has  been  rendered  no  less  probable,  by  the  in- 
vestigations of  Mr.  Carrick  Moore  and  Prof.  Ihmcan,  that  Anstro- 
Columbia  was  separated  by  sea  from  North  America  during  a  large 
part  of  the  Miocene  epoch. 
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It  is  imfbrtanate  that  we  have  no  knowledge  of  tibe  IGooene 
mammalian  fanna  of  Hie  Australian  and  Aostro-Oolombian  pro>- 
▼inoes ;  but,  seeing  that  not  ar  trace  of  a  Platjrthine  Ape,  of  a  Pk'o^ 
cyonine  CamiTore,  of  a  characteriMically  Sonth- American  Rodent, 
of  a  Sloth,  an  Armadillo,  or  an  Anteater  has  yet  been  foond  in  Ifio- 
eene  deposits  of  Arctogsea,  I  cannot  donbt  that  they  already  existed 
in  the  Miocene  Anstro>Colnmbian  province. 

Nor  is  it  less  probable  that  the  characteristic  types  of  Anstralian 
Mammalia  were  already  developed  in  that  region  in  Miocene  times. 

Bnt  Anstro-Colnmbia  presents  difficnlties  from  which  Anstralia  is 
free ;  Camdidce  and  Tapirid(e  are  now  indigenous  in  South  America 
as  they  are  in  Arctogsea,  and  among  the  Pliocene  Austro-Colnmbian 
mammals,  the  Austro-Colnmbian  genera  E^[uu8,  Mastodon,  and  Ma- 
chairodus  are  numbered.  Are  these  Postmiocene  immigrants,  or 
Praemiooene  natives  ? 

8tiU  more  perplexing  are  the  strange  and  interesting  forms  Toxo- 
don,  Macrauehtnia,  and  Typotherium,  and  a  new  Anoplotherioid 
mammal  (Homalodotherium)  which  Br.  Cunningham  sent  over  to  me 
some  time  ago  from  Patagonia.  I  confess  I  am  strongly  inclined  to 
surmise  that  these  last,  at  any  rate,  are  remnants  of  the  population 
of  Anstro-Coliunbia  before  the  Miocene  epoch,  and  were  not  derived 
from  Arctogsea  by  way  of  the  north  and  east. 

The  fact  that  this  immense  fauna  of  Miocene  Arctogsea  is  now 
frilly  and  richly  represented  only  in  India  and  in  South  Africa,  while 
it  is  shrunk  and  depauperized  in  North  Asia,  Europe,  and  Nordi 
America,  becomes  at  once  intelligible,  if  we  suppose  that  India  and 
South  Africa  had  but  a  scanty  mammalian  population  before  the 
Miocene  immigration,  while  the  conditions  were  highly  favourable 
to  the  new  comers.  It  is  to  be  supposed  that  these  new  regions 
offered  themselves  to  the  Miocene  Ungulates,  as  South  America  and 
Australia  offered  themselves  to  the  cattle,  sheep,  and  horses  of 
modem  colonists.  But,  after  these  great  areas  were  thus  peopled, 
came  the  Glacial  epoch,  during  which  the  excessive  cold,  to  say 
nothing  of  depression  and  ice-covering,  must  have  almost  depopulated 
an  the  northern  parts  of  Arctogsea,  destroying  all  the  higher  mam- 
malian forms  except  those  which,  like  the  Elephant  and  Rhinoceros, 
could  adjust  their  coats  to  the  altered  conditions.  Even  these  must 
have  been  driven  away  from  the  greater  part  of  the  area;  only 
those  Miocene  mammals  which  had  passed  into  Hindostan  and  into 
South  Africa  would  escape  decimation  by  such  changes  in  the 
physical  geography  of  ArctogSBa.  And  when  the  northern  hemi- 
sphere passed  into  its  present  condition,  these  lost  tribes  of  the 
Mioeene  Fauna  were  hemmed  bv  the  Himalayas,  the  Sahara,  the  Red 
Sea,  and  the  Arabian  deserts  within  their  present  boundaries. 

Now,  on  the  hypothesis  of  evolution,  there  is  no  sort  of  difficulty 
in  admitting  that  tiie  differences  between  the  Miocene  forms  of  the 
mammalian  Fauna  and  those  which  exist  now  are  the  results  of  gra- 
dual modification ;  and,  since  such  differences  in  distribution  as  ob- 
tain are  readily  explained  by  the  changes  which  have  taken  place  in 
the  physical  geography  of  the  world  since  the  Miocene  epoch,  it  is 
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clear  that  the  result  of  the  comparison  of  the  Miocene  and  present 
FamiflB  is  distinctly  in  favour  of  evolution.  Indeed  I  may  go  further. 
I  may  say  that  the  hypothesis  of  evolution  explains  the  &cts  of 
Miocene,  Pliocene,  and  Becent  distnbution,  and  that  no  other  supposi- 
tion even  pretends  to  account  for  them.  It  is,  indeed,  a  conceivable 
supposition  that  every  species  of  Ehinoceros  and  every  spedes  of 
Hyaena,  in  the  long  succession  of  forms  between  the  Miocene  and 
the  present  species,  was  separately  constructed  out  of  dust,  or  out  of 
notMng,  by  supernatural  power;  but  until  I  receive  distinct  evi- 
dence of  the  £Eiot,  I  refuse  to  run  the  risk  of  insulting  any  sane  man 
by  supposing  that  he  seriously  holds  such  a  notion. 

Let  us  now  take  a  step  further  back  in  time,  and  inquire  into  the 
relations  between  the  Miocene  Eauna  and  its  predecessor  of  the 
Upper  Eocene  formation. 

Here  it  is  to  be  regretted  that  our  materials  for  forming  a  judg- 
ment are  nothing  to  be  compared  in  point  of  extent  or  variety  with 
those  which  are  yielded  by  the  Miocene  strata.  However,  what  we 
do  know  of  this  Upper  Eocene  Fauna  of  Europe  gives  sufficient 
positive  information  to  enable  us  to  draw  some  tolerably  safe  infer- 
ences. It  has  yielded  representatives  of  Inaectivora^  of  Chiroptera^ 
of  Bodentia,  of  Camivora,  of  artiodactyle  and  perissodactyle  Un^ 
gtdata,  and  of  opossum-like  Marsupials.  No  Australian  type  of  Mar- 
supial has  been  discovered  in  the  Upper  Eocene  strata,  nor  any  Eden- 
tate mammal.  The  genera  (except  in  the  case  perhaps  of  some  of 
the  Insectivora,  Chiroptera^  and  Bodentia)  are  different  from  those 
of  the  Miocene  epoch,  but  present  a  remarkable  general  similarity  to 
the  Miocene  and  recent  genera.  In  several  cases,  as  I  have  alreiEidy 
shown,  it  has  now  been  clearly  made  out  that  the  relation  between 
the  Eocene  and  Miocene  forms  is  such  that  the  Eocene  form  is  the 
less  specialized  ;  while  its  Miocene  ally  is  more  so,  and  the  speciali- 
zation reaches  its  maximum  in  the  recent  forms  of  the  same  type. 

So  £eu:  as  the  Upper  Eocene  and  the  Miocene  Mammalian  Faune 
are  comparable,  their  relations  are  such  as  in  no  way  to  oppose  the 
hypothesis  that  the  older  are  the  progenitors  of  the  more  recent 
forms,  while,  in  some  cases,  they  distinctly  favour  that  hypothesis. 
The  period  in  time  and  the  changes  in  ph3rsical  geography  repre- 
sented by  the  nummulitic  deposits  are  undoubtedly  very  great, 
while  the  remains  of  Middle  Eocene  and  Older  Eocene  Mammals  are 
comparatively  few.  The  general  fades  of  the  Middle  Eocene  fauna, 
however,  is  quite  that  of  the  Upper.  The  Older  Eocene  pre-num- 
mulitic  mammalian  Fauna  contains  Bats,  two  genera  of  Camivoraf 
three  genera  of  Ungulata  (probably  all  perissodactyle),  and  a  didel- 
phid  Marsupial ;  all  these  forms,  except  perhaps  the  Bat  and  the 
Opossum,  belong  to  genera  which  are  not  known  to  occur  out  of  the 
Lower  Eocene  formation.  The  Corj/phodon,  however,  appears  to 
have  been  allied  to  the  Miocene  and  later  Tapirs,  while  Pliolophua^ 
in  its  skuU  and  dentition,  curiously  partakes  of  both  artiodactyle 
and  perissodactyle  characters ;  the  third  trochanter  upon  its  femur, 
and  its  three-toed  hind  foot,  however,  appear  definitely  to  fix  its 
position  in  the  latter  division. 
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There  is  nothing,  then,  in  what  is  known  of  the  older  Eocene 
mammals  of  the  ArctogaBal  province  to  forbid  the  snpposition  that 
they  stood  in  an  ancestral  relation  to  those  of  the  Calcaire  Grossier 
and  the  Gypsnm  of  the  Paris  basin,  and  that  our  present  fauna, 
therefore,  is  directly  derired  from  that  which  already  existed  in 
Arctogaea  at  the  commencement  of  the  Tertiary  period.  But  if  we 
now  cross  the  frontier  between  the  Cainozoic  and  the  Mesozoic 
famue,  as  they  are  preserved  within  the  Arctogseal  area,  we  meet 
with  an  astounding  change,  and  what  appears  to  be  a  complete  and 
nnmistakable  break  in  the  line  of  biological  continuity. 

Among  the  twelve  or  fourteen  species  of  Mammalia  which  are 
said  to  have  been  found  in  the  Purbecks,  not  one  is  a  member  of 
the  orders  Chiraptera,  Eodentia,  Uhgulata,  or  Camivora,  which 
are  so  well  represented  in  the  tertiaries.  No  Insectivora  are  cer- 
tainly known,  nor  any  opossum-like  Marsupials.  Thus  there  is  a 
vast  negative  difference  between  the  Cainozoic  and  the  Mesozoic 
mammalian  fauuse  of  Europe.  But  there  is  a  still  more  important 
positive  difference,  inasmuch  as  all  these  Manmialia  appear  to  be 
Marsupials  belonging  to  Australian  groups,  and  thus  appertaining 
to  a  different  distributional  province  from  the  Eocene  and  Miocene 
marsupials,  which  are  Austro-Columbian.  So  far  as  the  imperfect 
materials  which  exist  enable  a  judgment  to  be  formed,  the  same  law 
appears  to  have  held  good  for  all  the  earlier  Mesozoic  Mammalia, 
Of  the  Stonesfield  slate  mammals,  one,  Amphitkerium,  has  a  defi- 
nitely Australian  character ;  one,  Phaseolotherium,  may  be  either 
Dasyurid  or  Didelphine ;  of  a  third,  SUreognatktts,  nothing  can  at 
present  be  said.  The  two  mammals  of  the  Trias,  also,  appear  to 
belong  to  Australian  groups. 

Every  one  is  aware  of  the  many  curious  points  of  resemblance 
between  the  marine  fauna  of  the  European  Mesozoic  rocks  and  that 
which  now  exists  in  Australia.  But  if  there  was  this  Australian 
fades  about  both  the  terrestrial  and  the  marine  faunae  of  Mesozoic 
Europe,  and  if  there  is  this  unaccountable  and  immense  break 
between  the  fauna  of  Mesozoic  and  that  of  Tertiary  Europe,  is  it 
not  a  very  obvious  suggestion  that,  in  the  Mesozoic  epoch,  the  Aus- 
tralian province  included  Europe,  and  that  the  Arcto<?a;al  province 
was  contained  within  other  limits  ?  The  Arctogaeal  province  is  at 
present  enormous,  while  the  Australian  is  relatively  small.  Why 
should  not  these  proportions  have  been  different  during  the  Meso- 
zoic epoch? 

Thus  I  am  led  to  think  that  by  far  the  simplest  and  most  ra- 
tional mode  of  accounting  for  the  great  change  which  took  place  in 
the  living  inhabitants  of  the  European  area  at  the  end  of  the  Mesozoic 
epoch  is  the  supposition  that  it  arose  from  a  vast  alteration  of 
the  physical  geography  of  the  globe,  whereby  an  area  long  tenanted 
by  Cainozoic  forms  was  brought  into  such  relations  with  the  Euro- 
pean area  that  migration  from  the  one  to  the  other  became  possible, 
and  took  place  on  a  great  scale. 

This  supposition  relieves  us,  at  once,  from  the  difficulty  in  which 
we  were  left,  some  time  ago,  by  the  arguments  which  I  used  to 
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demonstrate  the  necessity  of  the  existence  of  all  the  great  types  o£ 
the  Eocene  epoch  in  some  antecedent  period. 

It  is  this  Mesozoic  continent  (which  may  well  have  lain  in  the 
neighbourhood  of  what  are  now  the  ^ores  of  the  ^orth  Pacidc 
Oce«in)  which  I  suppose  to  hare  been  occupied  by  the  Mesozoic 
Monodelphia ;  and  it  is  in  this  region  that  I  conceire  they  must 
have  gone  through  the  long  series  of  changes  by  which  they  were 
speciedized  into  the  forms  which  we  refer  to  different  orders.  I 
think  it  very  probable  that  what  is  now  South  America  may  have 
received  the  characteristic  elements  of  its  mammalian  fauna  duriDg* 
the  Mesozoic  epoch ;  and  there  can  be  little  doubt  that  the  general 
nature  of  the  change  which  took  place  at  the  end  of  the  Mesozoie 
epoch  in  Europe  was  the  upheaval  of  the  eastern  and  northern 
regions  of  the  Mesozoic  sea-bottom  into  a  westward  extension  of  the 
Mesozoic  continent,  over  which  the  mammalian  fauna,  by  which  it 
was  already  peopled,  gradually  spread.  This  invasion  of  the  land 
was  prefaced  by  a  previous  invasion  of  the  Cretaceous  sea  by  modem 
forms  of  moUusca  and  fish. 

It  is  easy  to  imagine  how  an  analogous  change  might  come  abont 
in  the  existing  world.  There  is,  at  present,  a  great  difference 
between  the  fauna  of  the  Polynesian  Islands  and  ti^at  of  the  west 
coast  of  America.  The  animals  which  are  leaving  their  spoils 
in  the  deposits  now  forming  in  these  localities  are  widely  different. 
Hence,  if  a  gradual  shifting  of  the  deep  sea,  which  at  present  bars 
migration  between  the  easternmost  of  these  islands  and  America 
took  place  to  the  westward,  while  the  American  side  of  the  sea- 
bottom  was  gradually  upheaved,  the  palaeontologist  of  the  future 
would  find,  over  the  Pacific  area,  exactly  such  a  change  as  I  am 
supposing  to  have  occurred  in  the  Korth- Atlantic  area  at  the  close 
of  the  Mesozoic  period.  An  Australian  fauna  would  be  found  under- 
lying an  American  fauna,  and  the  transition  &om  the  one  to  the 
other  would  be  as  abrupt  as  that  between  the  Chalk  and  lower 
Tertiaries ;  and  as  the  drainage-area  of  the  newly  formed  extension 
of  the  American  continent  gave  rise  to  rivers  and  lakes,  the  mammals 
mired  in  their  mud  would  differ  from  those  of  like  deposits  on  the 
Australian  side  just  as  the  Eocene  mammals  differ  from  those  of  the 
Purbecks. 

How  do  similar  reasonings  apply  to  the  other  great  change  of  life 
— that  which  took  place  at  the  end  of  the  Pakeozoic  period  ? 

In  the  Triassic  epoch,  the  distribution  of  the  diy  land  and  of 
terrestrial  vertebrate  life  appears  to  have  been,  generally,  similar 
to  that  which  existed  in  the  Mesozoic  epoch ;  so  that  the  Triassic 
continents  and  their  faunse  seem  to  be  related  to  the  Mesozoic  lands 
and  their  faunse,  just  as  those  of  the  Miocene  epoch  are  related  to 
those  of  the  present  day.  In  fact,  as  I  have  recently  endeavoured 
to  prove  to  tiie  Society,  there  was  an  Arctogaeal  continent  and  an 
Arctogseal  province  of  distribution  in  Triassic  times  as  there  is  now ; 
and  the  Sauropsida  and  Marsupialia  which  constituted  that  fauna 
were,  I  doubt  not,  the  progenitors  of  the  Sauropnda  and  Marsur- 
pidUa  of  the  whole  Mesozoic  epoch. 
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Looking  at  the  present  terrestrial  fanna  of  AuBtralia,  it  appears 
to  me  to  be  very  probable  that  it  is  essentially  a  remnant  of  the 
&ima  of  the  Triassic,  or  even  of  an  earlier,  age  * ;  in  which  case 
Australia  must  at  that  time  have  been  in  continuity  with  the  Are- 
togaeal  continent. 

But  now  comes  the  further  inqmry,  Where  was  the  highly 
differentiated  Sauropsidan  fauna  of  the  Trias  in  Palaeozoic  times  ? 
The  supposition  that  the  Binosaurian,  Crocodilian,  Dicynodontian, 
and  Plesiosaurian  tsrpes  were  suddenly  created  at  the  end  of  the 
Permian  epoch  may  be  dismissed,  without  further  consideration,  as 
a  monstrous  and  unwarranted  assumption.  The  supposition  that  all 
these  types  were  rapidly  differentiated  out  of  Lacertilia,  in  the  time 
represented  by  the  passage  from  the  Palseozoic  to  the  Mesozoic  foi^ 
madon,  appears  to  me  to  be  hardly  more  credible,  to  say  nothing  of 
the  in^cations  of  the  existence  of  Dinosaurian  forms  in  the  Permian 
rocks  which  have  already  been  obtained. 

For  my  part,  I  entertain  no  sort  of  doubt  that  the  Keptiles,  Birds, 
and  Mammals  of  the  Trias  are  the  direct  descendants  of  Eeptiles, 
Birds,  and  Mammals  which  existed  in  the  latter  part  of  the  PalsDOzoic 
epoch,  but  not  in  any  area  of  the  present  dry  land  which  has  yet 
been  explored  by  the  geologist. 

This  may  seem  a  bold  assumption,  but  it  will  not  appear  un- 
warrantable to  those  who  reflect  upon  the  very  small  extent  of  the 
earth's  surface  which  has  hitherto  exhibited  the  remains  of  the  great 
Mammalian  fauna  of  the  Eocene  times.  In  this  respect,  the  Permian 
land  Yertebrate  fauna  appears  to  me  to  be  related  to  the  Triassic 
much  as  the  Eocene  is  to  the  Miocene.  Terrestrial  reptiles  have 
been  found  in  Permian  rocks  only  in  three  localities,  in  some  spots 
of  France,  and  recently  of  England,  and  over  a  more  extensive  area 
in  Germany.  Who  can  suppose  that  the  few  fossils  yet  found  in 
these  regions  give  any  sufficient  representation  of  the  Permian 
&una? 

It  may  be  said  that  the  Carboniferous  formations  demonstrate  the 
existence  of  a  vast  extent  of  dry  land  in  the  present  dry-land  area, 
and  that  the  supposed  terrestrial  Pakeozoic  Yertebrate  Fauna  ought 
to  have  left  its  remains  in  the  Coal-measures,  especially  as  there  is 
now  reason  to  believe  that  much  of  the  coal  was  formed  by  the  accu- 
mulation of  spores  and  sporangia  on  dry  land.  But  if  we  consider 
the  matter  more  closely,  I  think  that  this  apparent  objection  loses  its 
force.  It  is  clear  that,  during  the  Carboniferous  epoch,  the  vast 
area  of  land  which  is  now  covered  by  Coal-measures  must  have  been 
undergoiDg  a  gradual  depression.  The  dry  land  thus  depressed  must, 
therefore,  have  existed,  as  such,  before  the  Carboniferous  epoch — in 
other  words,  in  Devonian  times — and  its  terrestrial  population  may 
never  have  been  other  than  such  as  existed  during  the  Devonian, 
or  some  previous  epoch,  although  much  higher  forms  may  have  been 
developed  elsewhere. 

•  Sine©  this  Address  waa  read,  Mr.  Krefft  has  sent  us  news  of  the  discovery 
in  Australia  of  a  freshwater  fish  of  strangely  Palceozoic  ajtpect,  and  appa- 
rently a  Qanoid  intermediate  between  Dipterm  and  Ltpidosiren. 
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Again,  let  me  say  that  I  am  making  no  gratuitoua  assumptwn  of 
inconceivable  changes.  It  is  clear  that  the  enormous  area  of  Poly- 
nesia is,  on  the  whole,  an  area  over  which  depression  has  taken 
place  to  an  immense  extent;  consequently  a  great  continent,  or 
assemblage  of  subcontinental  masses  of  land,  must  have  existed  at 
some  former  time,  and  that  at  a  recent  period,  geologicaUy  speaking, 
in  the  area  of  the  Pacific.  But  if  that  continent  had  contained 
mammals,  some  of  them  must  have  remained  to  tell  the  tale;  and 
as  it  is  well  known  that  these  islands  have  no  indigenous  Mammalia, 
it  is  safe  to  assume  that  none  existed.  Thus,  midway  between 
Australia  and  South  America,  each  of  which  possesses  an  abundant 
and  diversified  mammaUan  fauna,  a  mass  of  land,  which  may  have 
been  as  large  as  both  put  together,  must  have  existed  without  a  mam- 
maUan inhabitant.  Suppose  that  the  shores  of  this  great  land  were 
fringed,  as  those  of  tropical  Australia  are  now,  with  belts  of  man- 
groves, which  would  extend  landwards  on  the  one  side,  and  be  buried 
beneath  littoral  deposits  on  the  other  side,  as  depression  went  on ; 
and  great  beds  of  mangrove  lignite  might  accumulate  over  the  sink- 
ing land.  Let  upheaval  of  the  whole  now  take  place,  in  such  a 
manner  as  to  bring  the  emerging  land  into  continuity  with  the 
South-American  or  Australian  continent,  and,  in  course  of  time,  it 
would  be  peopled  by  an  extension  of  the  fauna  of  one  of  these  two 
regions — just  as  1  imagine  the  European  Permian  dry  land  to  have 
been  peopled. 

I  see  nothing  whatever  against  the  supposition  that  distributional 
provinces  of  terrestrial  life  existed  in  the  Devonian  epoch,  inasmuch 
as  M.  Barrande  has  proved  that  they  existed  much  earlier.  I  am 
aware  of  no  reason  for  doubting  that,  as  regards  the  grades  of 
terrestrial  life  contained  in  them,  one  of  these  may  have  been  re- 
lated to  another  as  New  Zealand  is  to  Australia,  or  as  Australia  is  to 
India,  at  the  present  day.  Analogy  seems  to  me  to  be  rather  in  favour 
of,  than  against,  the  supposition  that  while  only  Ganoid  fishes  inhabited 
the  fresh  waters  of  our  Devonian  land.  Amphibia  and  Reptiliuy  or 
even  higher  forms,  may  have  existed,  though  we  have  not  yet  found 
them.  The  earliest  Carboniferous  Amphibia  now  known,  such  as 
AnthracosauruSj  are  so  highly  specialized  that  I  can  by  no  means 
conceive  that  they  have  been  developed  out  of  piscine  forms  in  the 
interval  between  the  Devonian  and  the  Carboniferous  periods,  con- 
siderable as  that  is.  And  I  take  refuge  in  one  of  two  alternatives  : 
either  tbey  existed  in  our  own  area  during  the  Devonian  epoch  and 
we  have  simply  not  yet  found  them,  or  they  formed  part  of  the 
population  of  some  otiier  distributional  province  of  that  day,  and 
only  entered  our  area  by  migration  at  the  end  of  the  Devonian  epoch. 
Whether  Beptilia  and  Mammalia  existed  along  with  them  is  to  me, 
at  present,  a  perfectly  open  question,  which  is  just  as  likely  to  re- 
ceive an  afiirmative  as  a  negative  answer  from  future  inquirers. 

Let  me  now  gather  together  the  threads  of  my  argumentation 
into  the  form  of  a  connected  hypothetical  view  of  the  manner  in 
which  the  distribution  of  living  and  extinct  animals  has  been 
brought  about. 
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I  oonceiye  that  distinct  provinces  of  the  distribution  of  terrestrial 
Hfe  have  existed  since  the  earliest  period  at  which  that  Ufe  is  re- 
corded, and  possibly  mnch  earlier ;  and  I  suppose,  with  Mr.  Darwin, 
that  the  progress  of  modification  of  terrestrial  forms  is  more  rapid 
in  areas  of  eleyation  than  in  areas  of  depression.  I  take  it  to  be 
certain  that  Labyrinthodont  Amphibia  existed  in  the  distributional 
proTince  which  included  the  dry  land  depressed  during  the  Carboni- 
ferous epoch ;  and  I  conceive  that,  in  some  other  distributional 
provinces  of  that  day,  which  remained  in  the  condition  of  stationary 
or  of  increasing  dry  land,  the  various  types  of  the  terrestrial  Saurop- 
mda  and  of  the  Mammalia  were  graducdly  developing. 

The  Permian  epoch  marks  the  commencement  of  a  new  move- 
ment of  upheaval  in  our  area,  which  attained  its  maximum  in  the 
Triassic  epoch,  when  dry  land  existed  in  North  America,  Europe, 
A^  and  Africa,  as  it  does  now.  Into  this  great  new  continental  area 
the  Mammals,  Birds,  and  Eeptiles  developed  during  the  Palaeozoic 
epoch  spread,  and  formed  the  great  Triassic  Arctoga^  province. 
But,  at  ^e  end  of  the  Triassic  period,  the  movement  of  depression 
recommenced  in  our  area,  though  it  was  doubtless  balanced  by  ele- 
vation elsewhere ;  modification  and  development,  checked  in  the  one 
province,  went  on  in  that  ''elsewhere'*;  and  the  chief  forms  of  Mam- 
mals, Birds,  and  Beptiles,  as  we  know  them,  were  evolved  and  peopled 
the  MesoaM>ic  continent.  I  conceive  Australia  to  have  become  sepa- 
rated from  the  continent  as  early  as  the  end  of  the  Triassic  epoch,  or 
not  much  later.  The  Mesozoic  continent  must,  I  conceive,  have 
lain  to  the  east,  about  the  shores  of  the  North  Pacific  and  Indian 
Oceans ;  and  I  am  inclined  to  believe  that  it  continued  along  the 
eastern  side  of  the  Pacific  area  to  what  is  now  the  province  of  Austro- 
Columbia,  the  characteristic  Fauna  of  which  is  probably  a  remnant 
of  the  population  of  the  latter  part  of  this  period. 

Towards  the  latter  part  of  the  Mesozoic  period  the  movement  of 
upheaval  around  the  shores  of  the  Atlantic  once  more  recommence  d, 
and  was  very  probably  accompanied  by  a  depression  around  tliose  of 
the  Pacific.  The  Vertebrate  fauna  elaborated  in  the  Mesozoic  con- 
tinent moved  westward  and  took  possession  of  the  new  lands,  which 
gradually  increased  in  extent  up  to,  and  in  some  directions  after, 
ti)e  Miocene  epoch. 

It  is  in  favour  of  this  hypothesis,  I  think,  that  it  is  consistent 
with  the  persistence  of  a  general  uniformity  in  the  positions  of  the 
great  masses  of  land  and  water.  From  the  Devonian  period,  or 
earHer,  to  the  present  day,  the  four  great  oceans,  Atlantic,  Pacific, 
Arctic,  and  Antarctic,  may  have  occupied  their  present  positions,  and 
only  their  coasts  and  channels  of  communication  have  undergone  an 
incessant  alteration.  And,  finally,  the  hypothesis  I  have  put  before 
you  requires  no  supposition  that  the  rate  of  change  in  organic  life 
has  been  either  greater  or  less  in  ancient  times  than  it  is  now ; 
nor  any  assumption,  either  physical  or  biological,  which  has  not  its 
justification  in  analogous  phenomena  of  existing  nature. 

I  have  now  only  to  discharge  the  last  duty  of  my  office,  which  is 
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to  thank  you,  not  only  for  the  patient  attention  with  which  yon  haTe 
listened  to  me  so  long  to-daj,  hnt  also  for  the  uniform  kindness 
with  which,  for  the  past  two  years,  you  have  rendered  my  endeavours 
to  perform  the  important,  and  often  lahorious,  functions  of  your 
President  a  pleasure  instead  of  a  burden. 
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NOVMIBKB  10,  1869. 

E.  Hartley,  Esq.,  of  the  Geological  Suryey  of  Canada,  Montreal, 
was  elected  a  FeUow  of  the  Society. 

The  following  commiuiications  were  read : — 

,  1.  AusrsALiAir  Mbsozoic  Gboloot  and  PALiBOinoLOOT. 
By  Chablbb  Moobs,  Esq.,  E.6.S. 

(The  publication  of  thia  paper  ia  deferred.) 

[AbatTBct.] 

The  author  referred  to  the  oheerrations  of  Professor  M'Coy  and 
the  Bev.  W.  B.  Clark  on  the  occurrence  of  fossils  of  Mesozoic  age 
in  Australia,  and  then  proceeded  to  notice  the  species  which  he  had 
obtained  from  that  region.  Fossils  of  Mesozoic  type  occur  both  in 
Western  Australia,  in  the  centre  of  the  Continent  on  Stuart's 
route,  and  in  Queensland;  but  the  specimens  have  hitherto  been 
found  in  apparently  drifted  blocks,  and  nothing  is  known  of  the 
hedded  rocks  from  which  they  are  derived.  The  author  stated  that 
the  Australian  Mesozoic  fossils  agree,  not  only  in  genera,  but  also 
in  many  cases  in  species,  with  British  forms ;  and  he  gave  a  list  of 
species  from  Western  Australia,  identical  with  British  species  from 
the  Middle  and  Upper  lias,  the  Inferior  Oolite,  and  the  Combrash. 
Of  the  fossils  from  Queensland  also,  many  are  said  to  be  identical 
with,  or  very  nearly  allied  to,  British  species ;  but  the  author  regards 
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the  general  type  of  the  Queensland  remains  as  referring  them  to 
the  Upper  Oolite.  A  gigantic  species  of  Orioceras  is  regarded  by 
the  au^or  as  possibly  indicative  of  the  occurrence  of  Neocomian 
deposits  in  Australia.  The  fossil  evidence  upon  which  Professor 
M'Coy  inferred  the  occurrence  of  the  Muschelkalk  in  Australia 
was  said  by  the  author  to  be  nugatory,  his  supposed  Myophoria 
proving  to  be  a  Trigonia  nearly  allied  to  T.  gihbosa  of  the  Portland 
Oolite,  and  his  doubtful  Orthoceras  a  small  Serpvla,  The  author 
had  found  no  indications  of  the  existence  of  Triassic  or  liassic 
deposits  in  Queensland. 

The  blocks  from  Western  Australia,  referred  by  the  author  to  the 
Middle  lias,  contain  MyacUes  liassianus  (Quenst.),  and  are  quite  as 
highly  ferruginous  as  the  English  Marlstone.  The  species  identified 
by  the  author  with  British  Oolitic  species  would  indicate  a  range  from 
the  Inferior  Oolite  to  the  Combrash ;  the  author  suggested  that  the 
species  may  have  had  a  longer  range  in  time  in  Austraha  than  in 
England,  or  that  the  subordinate  divisions  of  the  Oolite  were  not 
clearly  marked  in  the  Australian  Mesozoic  deposits.  He  is  inclined 
to  refer  the  fossils  to  the  period  of  the  Inferior  Oolite. 

The  author  inferred,  from  the  occurrence  of  these  Mesozoic  fos- 
sils in  drifted  blocks  at  the  two  extremities  of  Australia,  separated 
by  38^  of  longitude,  that  an  enormous  denudation  of  rocks  of 
the  secondary  series  has  taken  place  over  a  considerable  part 
of  Australia. 

Descriptions  of  a  great  number  of  new  species  were  appended  to 
the  paper. 


2.  On  a  Plaitt*  and  Iksect-bei)  on  the  Rockt  Riveb,  New  Soxtth 
Wales.     By  Charles  Moore,  Esq.,  F.G.S. 

(The  publication  of  this  paper  is  deferred.) 

[Abstract.] 

The  organic  remains  noticed  by  the  author  were  found  by  him  in 
a  small  block  of  chocolate- coloured  micaceous  laminated  marl,  ob- 
tained from  a  bed  about  ten  feet  thick,  at  a  depth  of  100-110  feet, 
in  the  auriferous  drifts  of  Sydney  flats,  on  the  banks  of  the  Bocky 
Eiver.  The  author  found  the  leaves  of  two  forms  of  Dicotyledonous 
plants,  fragments  of  a  flat  narrow  leaf  which  he  refers  to  the  Conl- 
ferse,  a  seed-vessel,  and  the  impressions  of  several  seeds.  The 
insect-remains  consist  principally  of  the  elytra  of  Beetles,  among 
which  Buprestidffi  appear  to  predominate.  The  vegetable-remains 
seem  to  indicate  that  the  deposit  is  of  Tertiary  age. 

Discussion. 

Prof.  T.  Rupert  Jomss  mentioned  the  discovery  of  a  large  Crio^ 
ceras  in  the  Jurassic  beds  near  Port  Elizabeth. 

Mr.  W.  Boyd  Dawkins  suggested  that  we  had  hardly  a  right  to 
apply  the  European  standard  in  judging  fossils  from  all  parts  of  the 
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world,  and  doubted  whether,  if  these  toaak  were  examined  from  the 
purely  Aiutniliaii  point  of  view,  the  same  age  would  be  assigned  to 
them. 

Mr.  SvELET  agreed  with  Mr.  Dawkins,  and  aigaed,  from  the  exist- 
enee  of  natural  groape  in  different  areas  of  the  globe,  and  from  the 
succession  of  life  in  time,  that  in  no  distant  locality  could  the  age  of 
a  rock  be  known  from  the  resemblance  of  the  fossils  to  an  English 
type. 

Mr.  B.  Tate  remarked  that  if  Mr.  Moore  had  compared  the  Ju- 
rassic fauna  with  those  of  India,  Africa,  and  Chili,  he  would  hare 
found  the  same  mixture  of  forms  belonging  apparently  to  different 
hotixons.  He  considered  that  the  Australian  fossils  probably  repre- 
sented our  Middle  Oolite.  He  did  not  quite  agree  with  the  author 
as  to  some  of  the  specific  determinations. 

Dr.  jyuscAS  remarked  tiiat  the  same  combination  of  forms  sepa- 
rated in  Europe  was  found  among  the  Tertiary  fossils  of  Australia. 
He  thought  that  further  facts  were  necessary  before  forming  a  decided 
opinion  as  to  the  succession  of  the  beds  in  that  continent. 

The  Prbstojeht  remarked  that  when  we  talked  of  identity  of 
fiEHUUt  in  Australia  and  this  country,  improbable  as  it  might  appear, 
we  must  remember  that  at  the  present  time  identical  species  and,  to 
a  great  extent,  a  similar  fauna  were  to  be  found  in  our  seas  more 
than  180^  apart. 

Mr.  MoosB,  in  reply,  argued  that  it  was  the  safest  plan  to  follow 
tiie  weU-established  standard  of  Europe  even  in  remote  parts  of  the 
world.  He  was  inclined  to  refer  the  bulk  of  the  specimens  rather  to 
ihe  Lower  than  to  the  Middle  Oolite,  but  otherwise  he  agreed  in  the 
main  with  Mr.  Tate. 


3.  On  Hypsilophodok  Foxii,  a  new  Dutosaitrian  from  the  Wealden 
of  the  Isle  of  Wight.  By  T.  H.  HuxLBr,  LL.D.,  r.R.S.,  Presi- 
dent of  the  Society. 

(Plates  I.  &  II.) 

DvBivG  the  meeting  of  the  British  Association  at  Norwich  in  1868, 
Mr.  F.  Fellows,  on  behalf  of  the  Rev.  W.  Fox,  read  a  paper  on, 
and  exhibited  the  skuU  of,  a  fossil  reptile  diBCoyered  by  that  inde- 
fatigable expbrer  of  the  rocks  of  the  Isle  of  Wight  in  a  bed  of  the 
Wed^den  formation,  **  which  forms  the  floor  of  Gawleaze  Chine,  and 
rises  to  the  top  of  the  sea  cliff  at  Bame's  High,  in  the  parish  of 
Brixton."  Mr.  Fox  considered  the  reptile  to  be  a  *^  young  Igua- 
nodon/*  or  more  probably  a  '*new  smaU  species  of  Iguanodon** 
and  stated  that  he  had  found  "seyeral  other  skeletons"  of  the 
animal  in  the  same  locality. 

In  accordance  with  a  wish  expressed  to  me  by  Mr.  Fellows,  I 
made  as  careful  an  examination  of  the  specimen  as  the  circum- 
stances would  permit,  and  embodied  the  results  of  the  investigation 
in  some  observations,  accompanied  by  extemporaneous  illustrations, 
which  I  made  before  Section  C  when  the  paper  was  read. 
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I  poipted  out  the  peciiliar  value  of  the  skully  which  arose  from 
the  nearly  entire  condition  of  the  prsemaxillary  bones,  which  last 
had,  up  to  that  time,  been  displayed  by  no  Dinosaurian  fossil,  except, 
perhaps,  Compsognathtis,  I  further  drew  attention  to  the  singular 
fact  that  the  incisor  teeth,  or  those  contained  in  the  posterior  moiety 
of  each  prsemaxilla,  were  totally  different  in  shape  from  the  maxil- 
lary teeth;  and  that  the  anterior  moiety  of  the  prsemaxilla  was 
beak-like  and  edentulous.  Moreover  I  expressed  the  opinion  that 
while  the  affinity  of  the  reptile  with  Iguanodon  was  dear,  the  ex- 
tent of  that  affinity  could  only  be  determined  by  farther  critical 
comparisons. 

I  lost  sight  of  the  specimen  for  a  long  time ;  but,  some  months 
ago,  hearing  that  it  was  in  Mr.  Eellows's  keeping  in  London,  I 
requested  Mr.  Fox's  permission  to  subject  it  to  more  careM  study. 
That  permission  was  very  readily  and  liberally  accorded  by  Mr. 
Fox,  and  I  now  offer  the  results  of  this  farther  work  to  the  Society. 
The  skull  (PL  I.  ^g.  1),  when  entire  and  undistorted,  must  have 
had  a  length  of  rather  less  than  four  inches  (probably  about  3*8  or 
3*9).  The  greater  portion  of  the  roof  and  of  the  right  upper  maxil- 
lary apparatus,  with  a  part  of  the  occipital  surface,  are  displayed. 
The  whole  left  nasal  bone  is  exposed,  together  with  part  of  the  left 
prsBmaxiUa  and  a  portion  of  the  left  ramus  of  the  mandible. 

Two  relatively  large  supratemporal  fossae,  each  about  three- 
quarters  of  an  inch  long  and  four-tenths  of  an  inch  wide,  lie  at  the 
sides  of  the  parietal  region,  which  is  somewhat  narrow  in  the  middle, 
but  expands  at  each  end.  The  parietal  bones  (Pa)  are  a  good  deal 
injured,  but  they  appear  to  have  inclosed  an  oval  median  parietal 
foramen.  In  front,  they  unite  by  a  transverse  suture  with  the  large 
frontal  bones  (Fr),  Each  of  these  is  1*4  inch  long,  0*5  inch  broad 
behind,  and  rather  narrow  in  front,  flattened  though  slightly  con- 
cave from  side  to  side,  and  somewhat  convex  from  before  backwards. 
The  inner  edges  of  the  two  frontal  bones  are  a  little  raised  where  they 
unite  in  the  frontal  suture.  The  nasal  bones  (Na)  are  very  large,  being 
as  long  as  the  frontals,  and  very  nearly  as  broad  behind,  where 
they  are  flattened  and  continue 'the  direction  of  the  roof  of  the  skull. 
Anteriorly  they  narrow ;  and  their  outer  surfaces,  becoming  convex, 
look  somewhat  outwards.  Each  nasal  bone  ends  by  a  deeply  concave 
rounded  free  margin,  which  bounds  the  nostril  (N)  above,  and  sends 
down  a  slender  process  on  each  side.  The  inner  of  these  bounds 
the  greater  part  of  the  inner  side  of  the  nostril,  and  lies  upon,  and 
internal  to,  the  anterior  ascending  process  of  the  praemaxillary  bone 
(Pmx),  The  outer,  in  like  manner,  applies  itself  to  the  anterior  edge 
of  the  ascending  process  of  the  maxillary,  and  forms  a  part  of  the. 
outer  boundary  of  the  nostril. 

The  praemaxilla  is  a  very  large  and  remarkable  bone.  The  body, 
or  dentigerous  portion,  is  0*8  inch  long  and  0*3  inch  high,  from  the 
alveolar  edge  to  that  which  bounds  the  nostril  below.  The  greater 
part  of  the  outer  surface  of  the  bone  is  smooth ;  but  towards  its 
anterior  end  it  becomes  rugged  and  pitted,  and  seems  to  have  been 
produced  downwards  and  forwards  into  a  short  beak-like  process. 
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Upwards  and  backwards  the  same  region  of  the  prsemaxilla  passes 
into  its  anterior  ascending  process,  which  is  0*7  inch  long,  and 
becomes  very  slender  above.  Each  uniting  by  harmonia,  but  not 
ankylosing,  witii  its  fellow,  the  two  lie  between,  and  separate,  the 
inner  edges  of  the  nasal  bones  for  a  certain  distance.  Behind  the 
nasal  aperture  the  prsemaxilla  rises  into  its  posterior  process,  which 
is  about  as  long  as  tiie  anterior,  but  has  a  much  greater  breadth.  The 
posterior  mai^in  of  the  process,  and  of  the  body  of  the  bone  below 
it,  is  concave,  rounded,  and  must  have  been  quite  loosely  united 
with  the  anterior  edge  of  the  maxilla. 

Five  teeth  with  lanceolate  acuminated  crowns  (fig.  3)  lie  close 
together  in  the  praBmaxilla,  occupying  a  distance  of  0-55  inch  from 
its  posterior  end ;  but  the  alveolar  margin  of  the  '*  beak,"  which 
is  continued  in  front  of  this,  presents  no  indication  of  the  pre- 
sence of  teeth.  The  maxilla  is  imperfect  behind.  So  much  of  it  as 
remains  measures  1-5  inch  in  length,  and  rather  more  than  half 
an  inch  in  depth,  posteriorly,  where  it  is  deepest.  It  bears  ten 
teeth.  The  crowns  of  the  anterior  eight  are  well  preserved ;  but 
the  two  hindermost  are  broken,  only  the  section  of  the  fang  of  the 
last  being  visible.  The  anterior  four  teeth  are  rather  smaller 
than  the  others ;  and  this  is  especially  true  of  the  first  tooth.  The 
anterior  edge  of  the  crown  of  each  of  these  teeth  slightly  overlaps 
the  posterior  edge  of  the  crown  of  its  predecessor.  In  the  fifth, 
sixth,  seventh,  and  eighth  teeth,  the  overlap  seems  to  have  taken 
place  in  the  opposite  direction,  the  hinder  edge  of  each  tooth  pro- 
jecting  a  little  beyond  the  anterior  edge  of  its  successor.  The  teeth 
are  imbedded  by  single  fangs,  and,  judging  &om  the  hindermost,  are 
lodged  in  distinct  alveoli.  In  unworn  teeth  the  summit  of  the  crown 
is  sharp,  and  has  a  curved  contour,  which  is  more  convex  downwards 
in  the  anterior  than  in  the  posterior  teeth.  The  free  edge  of  the 
crown  presents  no  trace  of  the  serrations  which  are  so  characteristic 
of  the  teeth  of  Itfuanodon ;  but  it  is  sinuated  by  the  terminations  of 
sundry  strong  ridges  of  the  enamel  (fig.  2),  which  start  from  a  sort 
of  cingulum  at  the  junction  of  the  crown  with  the  fiuig  and,  some- 
what diverging  and  diminishing  in  thickness,  traverse  the  outer 
surface  of  the  crown.  The  cingulum  is  sharply  angulated  upwards 
in  the  three  anterior  teeth ;  but  the  angle  becomes  obtuse  in  the 
hinder  teeth.  The  principal  enamel  ridge  proceeds  from  the  open 
angle  of  the  cingulum,  or  a  little  behind  it,  to  the  crown.  Secon- 
dary ridges  of  less  prominence,  which  may  not  reach  the  cing^um, 
subdivide  the  spaces  on  each  side  of  the  principal  ridge ;  and  be- 
tween them  there  are  still  shorter  tertiary  ridges,  which  do  not 
extend  more  than  halfway  from  the  free  edge  towards  the  fang  of 
the  tooth.  The  sixth  tooth  is  that  the  crown  of  which  is  most  worn 
down,  the  other  teeth  being  to  all  appearance  less  worn  as  they  are 
further  from  it.  The  planes  of  the  worn  surface  of  the  crowns,  as 
in  Iffuanodon,  cut  the  axis  of  the  tooth  at  an  acute  angle,  looking  in- 
wai^  as  well  as  downwards.  The  outer  contours  of  the  teeth  are  con- 
vex from  above  downwards,  but  hardly  so  much  so  as  in  Iguanodon. 

At  first  sight,  these  teeth  look  very  similar  to  those  of  Iguanodon ; 
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and  I  was  almost  disposed  to  admit  their  identity  with  those  of  the 
latter  genas,  after  the  rapid  examination  which  was  alone  possible  at 
the  meeting  of  the  British  Association  at  Norwich,  A  more  critical 
comparison,  however,  has  convinced  me  that  the  teeth  of  this  reptile 
are  perfectly  distinct  from  those  of  the  great  Wealden  Dinosanrian. 

A  large  postfrontal  separates  the  orbit  from  the  temporal  fossa, 
and  appears  to  have  nnited  with  the  jngal,  of  which  only  an  impres- 
sion remains.  A  preefrontal  is  distingoishable  at  the  upper  and  an- 
terior part  of  the  orbit.  Beneath  and  behind  it,  lies  a  broken  but  very 
large  and  curiously  curved  ^lacrymal  {La)y  which  is  deeply  grooved 
upon  its  outer  surface,  the  outer  and  posterior  lip  of  the  groove 
being  much  shorter  than  the  inner  and  anterior  lip.  An  ascendiug 
process  of  the  maxilla  seems  to  have  articulated  with  the  posterior 
and  inferior  end  of  the  lacrymal.  The  anterior  margin  of  this 
lacrymal  process  of  the  maxilla,  the  superior  margin  of  tiie  body  of 
the  maxilla  in  front  of  it,  and  the  posterior  margin  of  that  broad 
nasal  process  of  the  maxilla  which  ascends  behind  the  prsemaxilla 
are  all  smooth,  and  evidently  natural,  free  edges.  Hence  there  must 
have  been  a  considerable  praelacrymal  vacuity  (a)  in  the  walls  of  the 
fjEice.  The  postfrontal  sends  a  long  process  backwards,  outside  an 
anterior  prolongation  of  the  squamosal,  the  two  combining  to  form  the 
supratemporal  zygoma.  An  impression  on  the  matrix  proves  that 
there  was  a  strong  infratemporal  zygoma  formed  by  the  jugal  and 
quadrato-jugal ;  and  on  the  left  side  the  under  part  of  this  is  visible. 
Kemains  of  large  sclerotic  plates  lie  in  the  orbit.  The  hinder  face 
of  the  distal  half  of  the  quadrate  bone  is  displayed  upon  the  left 
side  (fig.  4,  Qu),  It  is  a  very  strong  bone,  the  articular  surface  of 
the  condyle  measuring  not  less  than  half  an  inch  from  side  to  side. 

The  occipital  face  of  the  skull  is  much  injured,  but  it  was  evi- 
dently directed  almost  perpendicularly  to  the  upper  face.  The  left 
parotic  process  is  well  Splayed,  and  is  proportionally  large,  being 
half  an  inch  long  and  0*3  inch  wide.  The  base  of  the  ^uU  ex- 
hibits the  injured  basioccipital  region,  and  the  more  perfect  basi- 
sphenoid,  which  possesses  two  strong,  divergent,  basipterygoid  pro- 
cesses. Against  the  outer  ends  of  these  the  strong  pterygoid  bones 
abut.  These  are  not  at  all  unlike  the  corresponding  bones  in  an 
Iguana,  The  central  part,  or  body,  of  the  bone  is  very  strong ;  and 
it  scuds  backwards  and  outwards  a  deep,  laterally  compressed  plate, 
which  abuts  against  the  inner  side  of  the  quadrate  bone.  The  body 
of  the  pterygoid  bone  is  very  strong,  and  produced  vertically.  An- 
teriorly and  externally  it  becomes  connected,  by  a  transverse  bone, 
with  the  maxilla.  A  small  palatine  bone  is  seen  on  the  left  side 
in  front  of  the  pterygoid.  The  pterygoid  is,  in  many  respects,  like 
that  bone  in  tiie  existing  IguancB ;  and  this  specimen  shows  very 
clearly  that  the  Dinosauria  had  a  Lacertilian  and  not  a  Crocodilian 
arrangement  of  the  pterygoid  and  palatine  bones.  Only  the  right 
ramus  of  the  mandible  can  be  seen ;  and  the  symphysial  end  of  that 
is  broken  away.  But  what  remains  is  nearly  in  place,  and  shows 
that  the  angular  process  was  relatively  smaJl,  while  tiie  coronoid 
rises  abruptly,  in  front  of  the  articular  surface,  to  the  height  of  an 
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inch  from  the  inferior  edge  of  the  ramuB.  From  the  ooronoid  pro- 
oeas,  the  hdght  diminishes  with  a  tolerahly  rapid  sweep  (but  not 
80  rapid  as  in  Iguanod4m\  and  the  broken  end,  2-5  inches  from  the 
articular  sur&ce,  is  only  0*5  inch  high.  The  mandibular  teeth  are 
completely  hidden. 

The  centrum  of  a  vertebra  (fig.  1,  e),  which  lies  on  the  outer  side  of 
^e  ramus  of  the  mandible,  is  0-6  inch  long,  and  the  exposed  articular 
end,  which  is  yeiy  slightly  concave,  is  0*45  inch  high  by  0*4  inch 
wide.  The  middle  of  the  centrum  is  narrower  than  the  ends,  and 
the  whole  centrum,  seen  sideways,  looks  remarkably  fiat  and  wall- 
sided.  Any  processes  the  vertebra  possessed  must  have  come  off 
from  the  neural  arch,  and  therefore  tiiere  can  be  no  doubt  that  this 
is  a  dorsal  vertebra.  Thus  the  length  of  the  skull  appears  to  have 
equalled  that  of  about  six  dorsal  vertebm. 

The  teeth  of  this  reptile  leave  no  doubt  as  to  its  distinctness 
from  Iguanodon ;  and,  as  I  shall  immediately  bring  forward  evidence 
to  prove,  that  difference  is  generic.  I  propose,  therefore,  to  name  it 
ffypfUophodon*  Foxiu 

In  the  British  Museum  there  is  a  considerable  portion  of  the 
skeleton  of  a  reptile,  imbedded  in  the  two  portions  of  a  slab  of 
Wealden  sandstone,  of  which  the  one  was  formerly  the  property  of 
Dr.  Mantell  and  the  other  of  Dr.  Bowerbank,  but  which  are  now 
haf^y  reunited.  This  skeleton  has  been  described  and  figured  by 
Professor  Owen,  in  the  publications  of  the  Palsontographical  Society, 
as  that  of  a  young  Iguanodon  ManteUi. 

The  fossil  is  stated  to  have  been  discoyered  '<in  the  Wealden 
formation^  about  one  hundred  yards  west  of  Cowleaze  Chine,  on 
the  north-west  coast  of  the  Isle  of  Wight,  in  the  year  1849  ;"  and 
the  Bev.  Mr.  Fox  informs  me  that  it  was  found  in  the  same  bed  as 
his  specimen  of  ffypsihphodon,  a  stratum  which,  up  to  the  present 
time,  has  yielded  no  remains  of  Iguanodon. 

Two  years  ago,  namely  in  Dumber  1867, 1  became  convinced, 
by  tiie  evidence  of  the  British-Museum  specimen  itself,  that  it  could 
not  possibly  be  Iguanodon,  The  form  and  proportions  of  the  vcr- 
tebrse,  especially  of  the  caudal  vertebrsB,  were  quite  different ;  tho 
femur,  with  many  points  of  similarity,  exhibited  sundry  remark- 
able differences ;  and,  most  important  of  all,  the  metatarsus  proved 
the  Cowleaze  reptile  to  have,  at  fewest,  four  well-developed  toes. 
Again,  if,  as  the  describer  of  the  fossil  imagined,  the  bones  numbered 
66  and  67  (Pala3ontographical  Society,  '<  Fossil  Beptilia  of  the 
Wealden,"  tab.  i.)  are  the  right  tibia  and  fibula,  any  identification 
with  Iguanodon  is  out  of  the  question,  inasmuch  as  the  leg  would 
be  much  longer  than  the  femur,  while  in  Iguanodon,  as  the  Maid- 
stone spedmen  proves,  it  ia  shorter.  Thus  I  made  sure  that  the 
Cowleaze  fossil  represented  a  new  genus ;  and,  under  the  circum- 
stances, the  probability  that  it  once  formed  part  of  the  body  of  a 
JTyrpsihphodon  ia  obviously  very  great.  The  fortunate  preservation 
of  the  centrum  of  a  single  dorsal  vertebra,  along  with  the  skull, 
greatly  strengthens  this  already  strong  presumption.  On  compari- 
*  Hyp9ihphu»  is  a  name  proposed  bjr  Fitzinger  for  certain  Iguanas. 
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son  with  a  vertebra  from  the  anterior  dorsal  region  of  the  specimen  in 
the  British  Museum,  I  can  find  absolutely  no  difference,  except  that 
the  vertebra  in  Mr.  Fox's  specimen  is  a  shade  smaller.  The  centra 
of  the  anterior  dorsals  in  the  former  are  rather  less  than  0-7  inch 
long ;  in  the  latter  the  measurement  is  0*63  inch.  The  diffBrence, 
therefore,  is  not  more  than  ^  of  an  inch.  The  vertebral  column  of 
the  specimen  in  the  British  Museum  has  been  particularly  described 
by  Professor  Owen ;  but  the  caudal  vertebrsB  have  been  much  more 
completely  cleared  of  the  matrix  since  his  memoir  was  written.  The 
remains  of  eighteen  vertebrse  may  be  made  out,  in  consecutiTe 
series,  from  the  cervical  to  the  posterior  dorsal  r^on;  and  the  posi- 
tion of  the  ilium  is  such,  that  diere  can  hardly  have  been  more  than 
two  or  three  vertebrsB  between  the  hindermost  of  those  which  are 
visible  and  the  sacrum.  In  the  most  anterior  of  these  eighteen  ver- 
tebrse (which  may  thus,  probably,  be  the  twentieth,  or  twenty-first, 
from  the  sacrum)  the  anterior,  escutcheon-shaped,  fsuce  of  the  cen- 
trum is  distinctly  convex  from  side  to  side,  and  slightly  concave  from 
above  downwards,  while  the  posterior  face  is  markedly  concave.  The 
neuro-central  suture  passes  through  the  capitular  process ;  and  the 
tubercular  process  springs  much  higher  up  upon  tiie  arch,  beneath 
the  prsezygapophysis,  the  articular  face  of  which  looks  as  much  in- 
wards as  upwards*.  It  is  only  the  hindermost,  or  ninth,  cervical 
vertebra  of  a  crocodile  which  presents  these  characters.  In  all 
the  more  anterior  cervicals  the  neuro-central  suture  passes  above 
the  process  for  the  capitulum  of  the  rib ;  I  therefore  conclude  that, 
in  all  probability,  the  anterior  vertebra  of  the  JTypsUophodon  ske- 
leton belonged  to  the  posterior  region  of  the  neck.  I  should  think  it 
very  possible  that  there  may  have  been  seven,  or  eight,  cervical  ver- 
tebrsB  between  the  most  anterior  of  those  preserved  and  the  head. 
In  this  case,  the  light  head,  borne  upon  the  relatively  long  neck, 
will  have  given  the  fore  quarters  of  Hypsilophodon  much  resem- 
blance to  those  of  a  Monitor. 

Professor  Owen  concludes,  from  certain  strise  on  the  articular 
surfaces  of  the  vertebral  centra,  that  "  the  vertebral  bodies  of  the 
Iguanodon  were  coarticulaUd  by  means  of  an  intervertebral  ligament^ 
aa  in  the  class  Mammalia ;"  and  he  emphasizes  this  conclusion  by 
putting  it  in  italics.  I  have  little  doubt  that  the  vertebral  centra 
of  Hypsilophodon  were  so  connected ;  but  so  are  those  of  a  Crocodile, 
and  the  fact  does  not  constitute  the  slightest  evidence  in  favour  of 
the  mammalian  affinities  of  the  Dinosauria, 

In  resuming  my  study  of  the  specimen  of  Hypsilophodon  in  the 
British  Museum,  for  the  purposes  of  the  present  paper,  the  diffi- 
culty which  had  previously  presented  itself  of  reconciling  what  could 
be  seen  of  the  structure  of  the  bones  numbered  66  and  67  (tab.  L 
*  Fossil  Eeptilia  of  the  Wealden  Formation')  -with  what  is  known 
of  the  tibia  and  fibula  of  the  Dinosauria  returned  very  strongly 

*  The  two  following  vertebras  hare  similar  characters ;  but  the  articular  sur- 
face of  the  sixth  appears  to  be  slightlj  concave  in  front  as  well  as  behind.  In 
this  vertebra  the  transverse  process  springs  from  the  arch,  far  above  the  neuro- 
oentral  suture. 
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to  my  mind.  On  ihe  other  hand,  my  present  knowledge  of  the 
steange  characters  of  the  pelviB  in  the  Dinosaorian  reptiles  led  me 
to  suspect  that  those  bones  might  prove  to  be  the  pubis  and  ischium 
in  sitUy  and  in  their  natural  connexion  with  the  right  ilium,  the 
posterior  part  of  which  bone  (numbered  62  in  the  plate  cited)  was 
conspicuously  yiaible.  Garefdl  search  revealed  the  anterior  end  of 
the  bone  overlying  the  arch  of  the  posterior  vertebrae  of  the  dorsal 
series. 

With  the  permission  of  the  Keeper  of  the  fossil  collection,  there- 
fore, the  specimen  was  subjected  to  a  further  careful  removal  of  the 
matrix  in  the  requisite  directions.  The  result  has  been  the  com- 
plete verification  of  my  conjecture,  and  the  specimen  now  affords 
a  view  of  tiie  ventral  elements  of  the  pelvis  in  their  natural  re- 
lations (PI.  IL). 

The  middle  part  of  the  right  ilium  is  covered,  and,  seemingly,  a 
little  crushed  in,  by  the  left  foot.  But  its  broad  postacetabular  por- 
tion (6),  and  its  relatively  narrow  and  pointed  preeacetabular  part  (a) 
are  completely  exposed.  I  suspect  that  the  ilium  is  broken  in  the 
middle,  aod,  as  a  consequence,  that  the  distance  from  the  posterior 
to  the  anterior  ends  of  the  visible  parts  of  the  bone  (6*6  inch)  is 
somewhat  greater  than  it  should  be.  Hence  the  acetabulum  pro- 
bably appears  to  be  longer  than  it  naturally  is.  The  postacetabular 
process  (e),  which  should  articulate  with  the  ischium,  is  swollen  and 
thick,  but  thins  off,  above  and  behind,  into  a  thin  vertical  plate,  the 
posterior  curved  margin  of  which  is  broad  and  turned  in,  like  a  narrow 
shelf.  The  pneacetabular  prolongation  is  slender,  and  its  broken 
narrow  end  (a)  rests  on  the  arch  of  the  seventeenth  vertebra. 

The  anterior  boundary  of  the  acetabulum  is  formed  by  a  broad,  some- 
what flattened,  facet  of  bone  (d),  which  looks  backwards  and  a  littie 
outwards.  The  osseous  mass,  of  which  this  forms  the  posterior  aspect, 
rapidly  narrows  forwards,  and  is  prolonged  above  into  a  slender  ridge, 
or  process,  with  a  free  rounded  end  (a).  In  front,  it  has  a  sinuated 
free  edge ;  anteriorly  and  below,  it  is  continued  into  a  slender  rod-like 
pubis  (P6),between  six  and  seven incheslong,  which  passes  downwards 
and  backwards  parallel  with  the  ischium.  On  the  outer  suifiace,  in 
front  of  the  lower  part  of  the  articular  surface,  lies  an  oval  foramen  (e). 
The  posterior  edge  of  the  bone  is  concave  and  free.  Posteriorly  and 
below,  it  ends  in  a  broad  thin  prolongation,  which  passes  backwards, 
internal  to  the  ischium.  The  part  of  the  bone  which  bears  the  facet 
answers  very  well  to  the  prsBacetabular  process  of  the  ilium  of  Me- 
galo9auru8  and  of  Thecodantosaurus.  The  perforation  is  indeed  some- 
what like  that  which  is  so  generally  found  in  the  pubis  of  Lizards ; 
but,  on  a  future  occasion,  I  hope  to  be  able  to  show  its  analogue  in 
the  ilium  of  an  undoubted  Dinosaurian.  If  this  part  of  the  aceta- 
bular wall  answers,  as  I  believe  it  does,  to  the  descending  preeaceta- 
bular  process  of  the  ilium,  all  trace  of  the  suture  between  it  and  the 
pubis  has  disappeared* 

The  right  isdiium  (Is)  lies  in  undisturbed  relation  with  the  pubis. 
Its  acetabular  end  has  a  free  superior  concave  edge  which  bounds 
the  acetabulum  below,  a  broad  thin  anterior  process  which  over- 
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lai>s  and  is  firmly  united  with  the  pubis,  and  a  posterior  prooess 
which  becomes  very  thick  behind  and  articulated  with  the  post- 
acetabular  process  of  the  ilium.  The  shaft  of  the  bone  is  flattened 
laterally,  and  has  a  thick  and  rounded  posterior  edge.  Anteriorly 
it  is  thinner,  and  at  2-75  inch  from  the  acetabulum  it  is  produced 
into  a  broad  and  long  decurrent  process,  the  free  edge  of  which 
overlaps  the  pubis.  Such  a  process  is  very  generally  developed  in 
birds.  Beyond  this  process  the  ischium  widens  out,  and  seems  to 
terminate  in  a  spatulate  free  end,  like  that  of  the  corresponding  part 
of  the  ischium  in  MegaloBaurus  and  Iguanodan.  This  spatulate  ex- 
tremity is  broken  away  from  the  right  ischium,  but  remains  on  the 
other  side  (Is').  And  their  relative  position  leads  to  the  belief  that  the 
two  bones  united  in  a  ventral  symphysis.  The  long  diameters  of 
the  ischia  and  pubes  are  parallel,  and  they  are  directed  downwards 
and  backwards  in  such  a  manner  as  to  make  an  obtuse  angle  with 
the  anterior  half  of  the  long  diameter  of  the  ilium.  EypsUophodon  is 
the  first  reptile  in  which  this  disposition  of  the  ischium  and  pubis 
has  been  observed. 

Eleven  caudal  vertebrsB  in  series,  with  a  rudiment  of  a  twelfth  at 
the  posterior  end,  and  another  which  lies  on  one  side  of  these,  all 
belonging  to  the  anterior  part  of  the  tail,  are  represented  in  the 
plate  cited,  but  they  have  been  worked  out  much  frirther  since  it 
was  publidied.  The  characters  of  some  of  the  vertebrsB  are  very 
well  shown.  For  example,  the  third  from  the  anterior  end  in  the 
series  of  eleven  now  exposed,  is  2  inches  high  from  the  lower  edge 
of  the  centrum  to  the  summit  of  the  spine  (PL  I.  figs.  6  &  7).  The 
centrum  is  0*8  inch  long,  while  its  articular  faces  are  0*6  inch  high. 
The  transverse  measurements  of  the  articular  faces  of  the  centrum 
cannot  be  ascertained  in  this  vertebra ;  but  that  of  the  posterior  face 
of  the  vertebra  which  lies  by  itself  is  0*5,  the  length  of  the  ver- 
tebra being  0-7  inch.  The  spine  of  the  "  third"  vertebra  measures, 
from  the  postzygapophyds  to  its  truncated  extremity,  0*86  inch,  and 
0*36  inch  from  before  backwards  ;  the  spines  of  all  the  caudal  ver- 
tebrsB  are  slightly  inclined  backwards.  The  root  of  a  transverse 
process  (or  caudal  rib),  0-36  inch  long,  stands  out  at  right  angles 
from  the  upper  part  of  the  side  of  the  centrum,  its  posterior  edge 
inclining  forwards.  The  under  face  of  the  centrum  is  concave  from 
before  backwards,  and  presents  a  narrow  and  flattened  surface, 
traversed  by  a  longitudinal  groove.  The  zygapophyses  are  long, 
and  the  planes  of  their  articular  faces  are  almost  vertical.  The 
obliquely  truncated  surfaces  for  the  articulation  of  the  chevron 
bones  at  the  anterior  and  posterior  ends  of  the  ventral  face  of  each 
centrum  are  well  marked.  No  chevron  bone  is  attached  to  the 
vertebra  imder  consideration ;  but  several  lie,  one  on  the  top  of  the 
other,  beneath  the  fifth  to  the  eighth  vertebra  of  the  caudal  series. 
The  best-preserved  of  these  is  1*75  inch  long,  0*38  inch  wide  at  the 
vertebral  end  (PL  I.  fig.  8).  The  vertebral  ends  of  the  forks  of  the 
chevron  bones  are  expanded  and  ankylosed  together  in  the  maonor 
characteristic  of  the  Dinosaurla, 

The  length  of  the  left  fomur  is  5*7  inches,  or  rather  less  than  the 
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leDgth  of  the  hinder  eight  of  the  series  of  dorsal  yertebra.  The 
ertreme  breadth  of  the  distal  end  is  1*45  inch,  the  extreme  breadth 
of  the  proximal  end,  from  the  inner  surface  of  the  articular  head  to 
^e  outer  surface  of  the  shaft,  1'73  ioch.  The  femur  is  therefore 
slightly  shorter  in  proportion  to  the  length  of  the  dorsal  vertebne 
thflm  in  Iguanodon,  The  fetces  of  the  inner  trochanter  look  much 
more  directly  inwards  and  outwards,  and  the  whole  process  has  a  dif- 
ferent shape  from  that  of  IgnanocUm,  There  is  no  pit  above  the 
inner  trochanter,  such  as  exists  in  Jguanodon ;  and  the  deep  inter- 
condyloid  groove,  on  the  anterior  face  of  the  distal  end,  which  is  so 
eharacteristic  of  Iguanodan^  is  wanting. 

The  remains  of  what  I  take  to  be  the  right  fibula  and  tibia  are 
seen  in  fr^nt  of  the  pelvis.  What  remains  of  the  fibula  is  4  inches 
long,  and  shows  the  proximal  end  and  moiety  of  the  shaft  tolerably 
entire.  The  former  measures  0*7  inch  from  before  backwards,  but 
not  more  than  0-2  inch  in  width.  The  anterior  edge  of  the  shaft  is 
turned  towards  the  eye.  An  impression  on  the  matrix  is  continued 
in  the  line  of  direction  of  the  bone,  and  suggests  that  it  was  alto- 
gether about  five  inches  long,  and  that  its  distal  end  had  a  width 
of  0-4  inch.  In  Iguanadon,  the  length  of  the  tibia  is  to  that  of  the 
femur  as  31  to  33,  and  the  fibula  is  somewhat  shorter  than  the 
tibia.  If  SypsUopTwdon  followed  the  proportion  of  Iffuanodonf  the 
tibia  should  be  5-35  inches  long,  and  the  fibula  rather  more  than 
five  inches. 

On  reference  to  the  memoir  which  I  have  cited,  it  will  be  ob- 
served that  my  interpretation  of  the  bones  described  is  very  dif- 
ferent from  that  adopted  by  Prof.  Owen  (p.  2).  He  terms  the 
femur  (65)  ''.  the  right  femur,"  and  states  that  **  the  bones  of  the 
right  hind  leg  are  almost  completed  when  the  blocks  containing 
their  opposite  ends  are  brought  into  juxtaposition."  But  the  most 
cursory  inspection  is  suiSlcient  to  show  that  the  femur  belongs  to 
the  left  side,  and,  as  I  have  proved,  the  so-called  right  tibia  and 
fibula  (66  and  67)  are  really  the  two  ischia  and  the  pubes. 

I  find  myself  compelled  to  dissent  as  widely  from  Prof.  Owen's 
view  of  what  he  terms  "  the  principal  bones  of  the  right  hind  foot." 
I  have  no  sort  of  doubt  it  is  the  left  hind  foot.  For  there  are  two 
bones  belonging  to  the  distal  tarsal  series  in  their  natural  relation 
with  one  another,  and  with  two,  if  not  three,  metatarsal  bones. 
These  bones  are  obviously  the  homologues  of  those  which  exist  in 
Scdidosaunis  and  in  the  Crocodilian  and  which  lie  on  the  outer  side 
of  the  foot.  The  metatarsals  which  are  connected  with  these  bones, 
therefore,  must  needs  belong  to  the  outer,  or  fibular,  digits  ;  and,  as 
the  dorsal  surface  of  the  metatarsus  is  turned  towards  the  eye,  the  foot 
can  only  be  that  of  the  left  limb.  In  the  proximal  row  of  the  tarsus 
lie  a  caLcaneum  (which  seems  to  have  a  process  as  in  Crocodiles)  and 
an  astragalus,  with  a  convex  distal  face  and  seemingly  flattened  from 
above  downwards.  Whether  it  has  an  ascending  process  cannot  be 
distinctly  made  out.  The  proximal  and  the  distal  series  of  bones 
are  dislocated,  and  what  looks  like  the  end  of  the  tibia  is  seen  be- 
tween and  below  them.     The  metatarsals  of  the  first,  second,  and 
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third  digits  are  quite  distinct ;  but  the  distal  end  is  entire  only  in 
the  first,  or  that  of  the  hallux,  which  measures  1*85  inch  in  length. 
It  has  a  pulley-shaped  articular  surface,  and  is  0*5  inch  wide.  The 
shaft  of  the  bone  is  greatly  compressed  from  side  to  side,  as  in 
Scelidosaurus.  The  second  and  third  metatarsals  are  much  broader 
and  stouter,  with  flattened  superior  faces.  They  also  seem  to  have 
been  longer  than  the  first.  The  fourth  metatarsal  looks,  at  first,  as 
if  it  were  much  wider  than  the  other;  but,  on  close  examination, 
I  think  I  can  trace  a  line  of  matrix  separating  a  true  fourth  meta- 
tarsal, of  about  the  same  size  as  the  others,  &om  a  slender  fifth 
metatarsal.  A  basal  phalanx,  which  seems  to  have  belonged  to  the 
middle  digit,  is  1  inch  long,  0*6  inch  wide  at  the  proximal,  and 
0*35  inch  at  the  distal  end.  The  pes  of  Hypsilophodon,  thus,  was 
either  tetradactyle  or  pentadactyle. 

The  length  of  the  trunk  and  tail  of  Hypsihpkodon  was  probably 
about  4||  feet ;  and,  in  all  likelihood,  it  w$8  mainly  herbivorous. 

[For  description  of  Plates  I.  &  ll.  see  p.  50.] 


4.  FrETHER  Evidence  of  the  Affinitt  between  the  DiNOSAUBiAif 
Rbptilbs  and  Bmns.  By  T.  H.  Hfxlet,  LL.D.,  F.K.S.,  Presi- 
dent of  the  Society. 

On  my  way  to  Birmingham,  in  October  1867, 1  chanced  to  meet 
with  Prof.  Phillips;  and  mentioning  some  palseontological  inquiries, 
chiefly  relating  to  the  Ichthyosauria  (with  which  I  then  happened  to 
be  occupied),  he  very  kindly  urged  me,  as  I  returned  to  London,  to 
pay  a  visit  to  the  collection  under  his  charge  in  the  University  Mu- 
seum at  Oxford.  I  did  so ;  but  as  we  were  traversing  the  museum 
towards  the  Ichthyosaurian  cases,  we  stopped  at  that  containing  the 
Megalosaurian  remains,  dnd  I  may  say  with  Francesca — 
"  Quel  giomo  piii  non  vi  leggemmo  avanti." 

It  is  indeed  a  wonderM  collection,  ample  enough  to  occupy  the 
working  hours  of  many  a  day ;  and  it  was  particularly  attractive  to 
me,  as  some  difficulties  in  the  organization  of  Megalosaurus  and  its 
allies  had  long  perplexed  me. 

As  Prof.  Phillips  directed  my  attention  to  one  after  the  other  of 
the  precious  relics,  my  eye  was  suddenly  caught  by  what  I  had  never 
before  seen,  namely  the  complete  pectoral  arch  of  the  great  reptile, 
consisting  of  a  scapula  and  a  coracoid  ankylosed  together.  Here  was 
a  tangle  at  once  unravelled.  The  coracoid  was  totally  different  from 
the  bone  described  by  Cuvier,  and  by  all  subsequent  anatomists,  under 
that  name.  What  then  was  the  latter  bone  ?  Clearly,  if  it  did  not 
belong  to  the  shoulder-girdle  it  must  form  a  part  of  the  pelvis  ;  and, 
in  the  pelvis,  the  ilium  at  once  suggested  itself  as  the  only  possible 
homologue.  Comparison  with  skeletons  of  reptiles  and  of  birds,  dose 
at  hand,  showed  it  to  be  not  only  an  iHum,  but  an  ilium  which, 
though  peculiar  in  its  form  and  proportions,  was  eminently  ornithic 
in  its  chief  peculiarities. 
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Next  came  the  question  of  the  nature  of  the  so-called  '*  clavicle." 
The  determmation  of  the  stracture  of  the  shoulder-girdle  threw 
open  the  homology  of  this  bone,  which  clearly  could  not  be  a  claTiclCy 
whatever  else  it  might  be.  The  alternative  position  once  more  lay 
in  the  pelvis,  and  this  time  between  the  ischium  and  the  pubis ;  and 
as  the  ilium  was  bird-like,  might  not  the  ischium,  or  pubis,  be  also 
expected  to  be  ornithic  in  form  ?  At  any  rate  the  bone  answered 
remarkably  well  to  the  ischium  of  one  of  the  Batitm, 

Besemblances  to  the  structures  found  in  some  birds  had  already 
been  noted  by  Prof.  Owen  *  in  the  sacrum  of  the  DtnoMuria ;  but 
these  specially  ornithic  peculiarities  of  the  pelvic  girdle  had  not  been 
indicated  by  any  anatomist,  and  opened  up  a  very  interesting  field 
of  inquiry.  To  this  I  devoted  all  my  disposable  leisure  during  the 
winter  of  1867-8,  occupying  myself  chiefly  with  a  critical  examina- 
tion of  the  materials  in  the  British  Museum  in  order  to  ascertain 
how  &r  the  peculiarities  of  Megahsaurus  were  common  to  the 
Dinosauria  in  general.  As  I  knew  that  Prof.  Phillips  had  devoted  a 
great  deal  of  time  and  thought  to  the  collection  which  he  has  done 
flo  much  to  form,  I  begged  him  to  furnish  me  with  a  statement  of 
the  results  at  which  he  had  arrived  before  my  visit ;  and  in  the  com- 
mencement of  1868  he  favoured  me  with  the  following  letter : — 

"  Oxford,  1st  January,  1868. 
*'  Mt  ns^s  HtrxLBT. — I  must  no  longer  delay  to  send  you  a  notice 
of  some  specimens  of  Megalosaurian  bones  in  this  Museum,  and  of 
the  doubts  which  frequent  examination  of  them  had  raised  in  my 
mind  touching  the  true  composition  of  the  skeleton.  Since  I  had 
the  opx)ortunity  of  speaking  to  you  on  this  matter,  with  the  spe- 
dmens  before  us,  you  have  made  so  much  progress  toward  replaong 
doubts  by  decisions,  that,  in  truth,  there  is  Httle  now  to  be  said  which 
can  appear  to  you  either  new  or  important.  Still  it  will  be  a  plea- 
sure to  me  to  recall  the  process  by  which  I  was  led  to  form  a  quite 
different  idea  of  Megdlosaurus  from  that  which  I  had  derived  from 
Cuvier  and  Buckland — ^the  great  early  and  skilfiil  explorers  in 
this  field.  When  I  came  to  reside  in  Oxford,  and  to  handle  the 
noble  collection  of  Dr.  Buckland,  I  was  speedily  satisfied  that  only 
two  groups  of  reptilian  bones  were  frequent  at  Stonesfield  and  in 
the  contemporaneous  (geologically  speaking)  Oolitic  beds  of  the 
vicinity,  viz.  Megalosauna  and  Teliosaurus.  To  these  must  be  added, 
as  usually  of  somewhat  later  date,  Cetiosaurus  of  Owen,  and,  still 
later,  for  the  most  part,  Steneosaunts.  Tdeosaurus  and  SteTieosaurus 
require  scrutiny  to  be  differentiated ;  the  bones  of  Cetiosaurus  in 
this  collection  are  more  easily  separated  from  those  of  Megahsaurus ; 
but  there  are  not  many  homologous  bones  of  these  two  reptiles  in 
our  collection,  rich  as  it  really  is.  I  mention  these  things  chiefly 
to  satisfy  you  that,  e^ceptis  exdpiendiSf  the  large  case  which  you 

*  Prof.  Owen  evidentlj  attached  no  weight  to  the  fact  as  indicating  any 
aiBnity  of  the  JMnosauria  with  birds,  as  in  his  *  Beport  on  British  Fossil  Bep* 
tiles,'  1861,  p.  102,  he  says  that  "  the  Beptilian  type  of  structiire  makes  tne 
;  approach  to  Mammals  in  the  Dinosauria." 


Digitized  by 


Google 


14  PBOCBEBnrGB  OF  THB  OEOLOeiOAL  SOCISTT.  [NoV.  10, 

saw  filled  with  the  reliquie  of  the  great  land  Saurian  ^ntained  no 
other  than  his  personal  remains. 

**  When  the  Stonesfield  fossils  came  before  me  for  lectures  to  a  prac- 
tical class,  it  was  often  my  desire  to  present  a  sketch  of  the  skeleton 
for  comparison  with  that  of  a  crocodile,  and  a  pleasure  to  me  to 
employ  in  this  way  such  knowledge  of  the  osteology  of  reptiles  as  a 
few  diissections,  now  thirty  or  forty  years  ago,  of  each  great  reptilian 
group  had  fixed  in  my  mind.  For  making  these  drawings  on  a  large 
scale  I  was  obliged  to  examine  and  consider  several  times  the  great 
bone  called  by  Guvier  '  coracoid/  and  to  eomplets  it  by  adding,  after 
the  pattern  of  Varantu,  the  extensions  toward  the  sternum.  When 
this  was  done,  the  magnitude  of  the  thoracic  region  became  such  as 
to  terrify  me,  and  I  looked  eagerly  through  the  collection  for  any- 
thing to  relieve  my  alarm.  Not  being  able  to  find  any  trace  of 
sternal  or  epistemal  bones,  I  examined  the  curiously  bent  bone 
commonly  referred  to  clavicle,  and  perceived  that  it  was  of  the  same 
order  of  magnitude.  Next  a  set  of  spatulate  bones,  in  fragments, 
came  under  my  notice,  and  I  speedily  decided,  ex  necessitate,  these 
to  be  scapulflB*.  When  completely  restored  they  presented  long 
flattened  bones,  concave  on  one  broad  face,  convex  on  the  other.  I 
know  no  scapulae  like  them  except  those  of  birds ;  and  among  birds 
none  appeared  to  fit  so  well  in  the  comparison  as  Apteryx.  Then 
I  reflected — a  scapula  like  this,  how  could  it  belong  to  a  coraeoid 
like  that  ?  Examining  for  this  purpose  the  humeral  extremity  of 
the  bone,  and  collecting  all  the  examples,  I  found  it  waa  composed 
of  two  elements  ossifled  together,  these  elements  concurring  on  one 
edge  to  form  an  articular  cavity.  Of  these  elements  the  broader 
and  shorter  one,  which  extended  toward  the  sternum,  waa  cora- 
coidian  in  form,  and  perforated  in  each  of  four  specimens.  If,  as 
appeared  now  to  be  the  case,  this  was  the  coraeoid,  surely  the  great 
heavy  bone  so  long  called  by  that  name  was  a  pelvic  bone,  and  the 
restoration  of  the  skeleton  must  proceed  on  an  entirely  new  basis. 

**  It  soon  became  evident  that  the  bone  so  long  regarded  as  a 
clavicle  must  be  removed  from  the  place  it  had  occupied,  with  the 
so-called  coraeoid,  to  which  it  was  proportioned.  It  could  not  be 
attached  to  the  now  ascertained  scapulo-coracoidian  arch.  It 
seemed  calumnious  to  assign  such  a  bandy-legged  bone  to  either  the 
radial  or  tibial  alliance — ^besides  that  there  could  be  presented  a 
better  claimant  for  the  honours  of  the  fibula,  if  not  of  radius  or 
ulna.  What  could  this  bone  be  ?  In  this  state  of  uncertainty  you 
found  me,  and  helped  me  to  a  clearer  view  of  the  whole  case  now 
opening.  I  showed  you  the  long  bones  which  seemed  to  me  to  have 
the  best  claim  to  be  regarded  as  of  the  fore  limb,  remarking  that 
every  thing  seemed  to  indicate  the  fore  limb  of  Megahsaurus  to  have 
been  comparatively  light  and  applicable, — ^not  merely  a  strong  sup- 
port to  a  heavy  body,  as  was  thought  to  be  the  case  when  the  huge 

•  In  hia  *<  Notice  of  Megalosaurus**  (Brit.  Aasoo.  Beports,  1841,  p.  108) 
Profefisor  Owen  eays^  "  The  scapula  is  a  thin,  slightly  Dent  plate,  of  equal 
breadth,  except  where  it  is  expanded  and  thickened  towards  the  humenl  end, 
but  thinning  off  again  towards  the  articular  margin." 


Digitized  by 


Google 


1869.J  HTTXLET — DIKOSAITRIA  AND  BIKD8.  15 

oTsl  bone  was  called  a  coracoid.  I  pointed  to  an  incomplete  bone 
which  yon  qnickly  decided  to  be  hnmeral — ^rather  a  small  bone  aa 
compared  with  the  femnr. 

^  Tnming  now  to  the  hinder  extremity,  it  was  easy  to  see  that 
as  the  small  glenoid  cavity  formed  in  the  scapular  and  coracoidian 
bone  was  fitted  for  a  small  humeros,  so  the  great  hollow  in  the 
heavy,  arched  pelvic  bone  was  adapted  to  the  la^e  head  of  the  well- 
known  femnr,  3  feet  long.  But  to  name  this  great  pelvic  bone  was 
a  difficulty  with  me.  I  was  under  the  impression  that  its  broad, 
smoothly  expanded  surface  might  be  best  compared  with  that  of  an 
ischium  *  or  pubis,  and  that  this  would  be  more  suited  to  the  broad 
depr^sed  body  (as  I  supposed  it  to  be)  of  such  a  huge  creature, 
than,  by  accepting  it  as  an  ilium,  to  admit  the  beast  to  have  been 
narrow  in  the  rear,  like  a  bird,  with  the  plane  of  the  bone  not  much 
inclined  from  the  verticaL  The  only  points  in  favour  of  its 
being  possibly  an  ilium  were,  first,  its  resemblance  to  that  bone  in 
birds,  and  specially  in  Apteryx  (to  which  I  confess  I  gave  but  little 
importance,  as  too  unlikely  to  be  accepted),  and,  secondly,  marks 
apparently  of  bony  attachment,  on  one  face  of  the  bone,  such  as 
might  be  left  by  the  removal  of  cohering  processes  from  the  sacrum. 
To  this  I  was  reluctant  to  give  weight  for  the  same  reason,  viz.  that 
it  seemed  to  make  Megalosaurus  too  'sib'  with  primaeval  birds. 
In  this  state  of  mind  you  found  me,  and,  to  my  surprise,  took  up 
dt  novo,  and  resolutely,  to  compare  the  bone  with  the  pelvic  arrange- 
ment of  Ostrich  and  its  congeners  f*  You  also  then  seized  upon  the 
so-called  '*  clavicle,"  and  rapidly  placed  it  in  a  probable  manner  to 
(me  of  the  tuberosities  which  project  beyond  the  acetabular  cavity, 
and  called  it  an  ischial  or  else  a  pubic  bone,  of  struthious  rather 
than  lacertian  analogy.  Every  observation  which  I  have  since 
been  able  to  make  goes  to  confinn  this  result,  and  the  corollary  from 
it,  viz.  a  decided  ornithic  alliance  of  the  pelvic,  as  we  already  found 
in  the  sternal,  arrangement.  Perhaps  in  the  same  direction  may  be 
dted  the  distinctly  tubular  character  of  the  limb  bones,  which  I 
have  not  perceived  as  yet  in  CeHosaurus,  though  it  may  perhaps  be 
found  to  be  the  case,  and  I  think  it  will  be. 

"  As  you  are  now  engaged  in  working  out  the  true  affinities  of  this 
uncommon  creature,  I  propose  to  send  you  careful  drawings  of  our 
most  eharacteristic  specimens,  and  will  now  only  request  your  atten- 
tion to  one  or  two  things  which  have  occurred  to  my  observation. 
"  These  are  two  forms  of  the  great  pelvic  (ilial)  bone— -the  well- 

*  In  his  "Beport  on  British  Beptiles  "  (British  Aflsociation  Reports,  vol.  i. 
p.  109),  Prof.  Owen  describes  "  a  suboompressed  three-sided  bone,  flattened  and 
slightly  expanded  at  one  end,  thickened  and  more  suddenly  extended  trans- 
Yenelr  at  the  opposite  end,  which  formed  part  of  a  large  ootyloid  cayity,"  as 
most  Uk^y  an  ischimn.  "  Length  18  inches,  breadth  at  the  middle  of  the  shaft 
5  inefaei^  at  its  articular  end  9  inches,  the  thiclmess  of  this  end  4  inches."  Where 
is  diis  bone  preserired  ? 

t  It  appears  that  BuoUand  had  suggested  to  Cuvier,  but  unsuccessfully, 
what  now  appears  to  be  the  right  yiew ;  for  we  read, "  Toutefois  je  ne  puis  gu^re 
donter  que  oe  ne  soit  un  ooracoidien  de  Saurien :  il  ressemble  beauooup  moins 
ft  leor  OS  des  lies,  auquel  M.  Buckland  Ta  compart"  (Oss.  Foss.  t.  pi.  2, 
p.  346). 
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known  ordinary  form,  which  occurs  in  several  examples,  and  another, 
in  one  quite  young.  The  difference  is  very  considerahle,  too  great, 
I  suppose,  to  be  explained  as  a  mark  of  age. 

"  There  are  two  forms  of  scapula,  both  very  large :  the  largest  (one 
example)  is  separate  from  the  coracoid;  the  others  (several)  are 
joined  to  the  coracoid  by  synostosis.  You  will  see  the  differences 
in  the  drawings.  I  am. disposed  to  admit  the  larger  specimens  as  . 
belonging  to  Cetiosaurus^  of  which  one  huge  femur  {Cetiosaurus 
giganteuSj  Owen)  was  found  in  a  deposit  not  much  differing  in  age, 
at  Gibraltar,  north  of  Oxford. 

'<  We  have  several  specimens  of  metatarsal  bones  from  Stonesfield — 
Megalosaurian  no  doubt.  Lately  there  came  to  hand  three  meta- 
tarsals from  the  Eimmeridge  day  of  Swindon,  which  appear  also  to 
be  of  the  same  reptUe.  These  were  in  apposition,  cemented  by  a 
thick  crust  of  selenitic  crystals.  These  have  now  been  removed, 
and  the  bones  appear  dear. 

'*  It  seems  to  me  that  these  three  bones  were  all  that  were  in  the 
metatarsus,  and  that  the  creature  was  tridactyle;  but  of  course 
there  may  be  reason  not  to  trust  too  much  to  one  case  for  proof  of  a 
negative.  Still  that  seems  to  me  the  probable  inference.  As  we 
have  plenty  of  information  about  the  femur,  tibia  (fibula?),  meta- 
tarsalB,  and  claw-bone,  the  reconstruction  of  the  animal  seems  now 
practicable.  But  we  want  in  this  museum  information  as  to  cer- 
vical* and  anterior  dorsal  vertebrsB,  and  the  central  part  of  the  sternal 
arrangements :  of  ribs  we  have  sufficient  examples,  frx>m  anterior 
very  short  bidpital  ribs,  to  very  long  arched  widdy  bicipital 
ribs  about  the  middle  of  the  body,  or,  rather,  a  little  before  the 
middle.  The  Margwpialia  do  not  appear  to  me  to  offer  any  special 
resemblances  to  any  of  the  Megalosaurian  bones.  Among  reptiles 
Crocodiles  furnish  the  most  analogous  forms,  among  birds  the  Stru-- 
thionidcB, 

<(  Wishing  you  wdl  through  the  Deinosaurians, 

"  Believe  me,  ever  yours  truly, 

"  John  Phcllips." 
On  the  7th  of  February,  1868, 1  published  the  chief  results  of 
the  studies  to  which  Prof.  Phillips  gives  his  benediction,  in  a  lecture 
'<  On  the  Animals  which  are  most  nearly  intermediate  between 
Birds  and  Reptiles,"  delivered  at  the  Boyal  Institution,  and  subse- 
quently published  in  the  *  Proceedings '  of  that  body,  and  also,  with 
the  addition  of  sundry  illustrations,  in  the  '  Popular  Science  Re- 
view.' But  in  this  lecture  I  drew  my  illustration  of  Dinosaurian 
structure  almost  wholly  from  Iguanodon.  My  reason  for  this  was 
that  Iguanodon  was  the  only  typical  Dinosaurian  of  which  the  re- 
mains of  the  greater  part  of  the  body  of  a  single  specimen  were  asso- 
ciated together,  while,  at  the  same  time,  detached  bones,  all  the 
peculiarities  of  which  can  be  clearly  made  out,  are  numerous. 

The  conclusions  at  which  I  had  at  that  time  arrived  are  thus 
enunciated : — 

*  Profeasor  Fhillipfl  has  now  (January  1870)  obtained  a  oerrial  Tertebra.  It 
suggests  a  smaller  noad  than  was  calculated  from  the  known  portion  of  the 
lower  jaw. 
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^*  The  IHnosauria,  a  group  of  extinct  reptiles,  containing  the  genera 
Iguanodon,  I{adro9aunts,  MegaloMurus,  PoilcihpUuron^  tScelido^ 
saurusy  Haieosawrus,  (fee.,  which  oooor  throughout  the  whole  flerics 
of  the  MesQioic  rocks,  and  are  for  the  most  part  of  gigantic  size, 
appear  to  me  to  furnish  the  required  conditions. 

^*  In  none  of  these  animals  are  the  skull  or  the  cervical  region  of 
the  Tertebral  column  completely  known,  while  the  sternum  and  the 
manna  have  not  yet  been  obtained  in  any  of  the  genera.  In  none 
has  any  trace  of  a  dayide  been  observed. 

**  With  regard  to  the  characters  which  have  been  positively  deter* 
mined,  it  has  been  ascertained  that : — 

**  I.  From  four  to  six  vertebre  enter  into  the  composition  of  the 
sacrum,  and  become  connected  with  the  ilia  in  a  manner  which  is 
partly  ornithic,  partly  reptilian. 

**  2.  The  ilia  are  prolonged  forwards,  in  front  of  the  acetabulum,  as 
well  as  behind  it ;  and  the  resemblance  to  the  bird's  ilium  thus  pro- 
duced is  greatly  increased  by  the  widely  arched  form  of  the  aceta- 
bular margin  of  the  bone,  and  the  extensive  perforation  of  the 
floor  of  the  actabulum.  The  other  two  components  of  the  os  inno- 
minatum  have  not  been  observed  actually  in  place ;  indeed,  only 
one  of  them  is  known  at  all,  but  that  one  is  exceedingly  remark- 
able from  its  strongly  ornithic  character.  It  is  the  bone  which  has 
been  called  *  davicle '  in  Meffalasaurua  and  Igwinodon  by  Ouvier 
and  his  successors,  though  the  sagacious  Buckland  had  hinted  its  real 
natore  *.  But  these  bones  are  not  in  the  least  like  the  clavicles  of 
any  known  animal,  while  they  are  extremely  similar  to  the  ischia  of 
such  a  bird  as  an  ostrich ;  and  in  the  only  instance  in  which  they  have 
been  found  in  tolerably  undisturbed  relation  with  other  parts  of  the 
skeleton,  namely,  in  the  Maidstone  Iguanodon,  they  lie,  one  upon  each 
dde  of  the  body,  close  to  the  ilia.  I  hold  it  to  be  certain  that  these 
bones  belong  to  the  pelvis,  and  not  to  the  shoulder-girdle,  and  I 
think  it  probable  that  they  are  ischia ;  but  I  do  not  deny  that  they 
may  be  pubes. 

*  The  so-called  '^ooraooid  "  of  MegalotauruB  i«  the  iliom,  I  am  indebted  to 
Prof.  FhilHps,  aiid  to  the  splendid  collection  of  Megalosaurian  remains  which 
he  has  formed  at  Oxford,  for  most  important  eyidenoe  touching  this  reptile. 

[I  do  not  know  how  it  came  about  that  I  hare  here  confused  Dr.  Buckhind*s 
soggestiona  with  one  another.  In  his  memoir  "  On  the  Megaloaaurus  **  (Tr.  Oeol. 
8oc.  2adi  aer.  toL  ii  p.  306),  Dr.  BncUand  says  :— 

"  The  bone  represented  in  fi^.  3  is  the  outside  view  of  the  ilium,  slightlj  con- 
csre.  Tlie  inner  surface  is  shghtly  oonveK,  and  shows  marks  of  articulation 
with  the  aacrum." 

The  bone  in  question  is  that  of  whidi  Carier  makes  the  remark  quoted  by 
Prof.  Phillips. 

All  Bufaseqnent  writers  hare  followed  Cnvier's  determination,  which  was 
wnmg,  and  ignored  Buckland's,  which  was  not  only  quite  right,  but  the  W^ 
a  great  deal  that  is  most  important  in  Dinosaurian  organization.  The  so-called 
"  davide  "  was  so  named  by  Buckland  himself.  Curier  hesitates  to  recognize 
it  as  aoefa,  inclining  to  the  belief  that  it  may  be  the  fibulft.  According  to  Prof. 
Owen  the  presence  of  this  clavicle  is  one  of  the  chief  features  of  the  Dinosauna. 
"  The  chief  marks  of  difference  from  the  Crocodile  structure  of  the  scapular  arch 
and  of  reeemblanoe  to  the  Lacertian  type  is  the  presence  of  a  distinct  pair  of 
chmdea."— Fossil  Beptilia  of  the  Wealden  Formation,  p.  33.] 
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*'  4.  The  bead  of  the  femur  ifi  set  on  at  right  angles  to  the  shaft  of 
the  bone,  so  that  the  axis  of  the  thigh-bone  must  have  been  parallel 
with  the  middle  vertical  plane  of  the  body,  as  in  birds. 

"  6.  The  posterior  surface  of  the  external  condyle  of  the  femur  pre- 
sents a  strong  crest,  which  passes  between  the  head  of  the  fibula  and 
the  tibia,  as  in  birds.  There  is  only  a  rudiment  of  this  structure  in 
other  reptiles. 

"  6.  The  tibia  has  a  great  anterior  or  *  procnemial '  crest,  convex 
on  the  inner,  and  concave  on  the  outer  side.  Nothing  comparable 
to  this  exists  in  other  reptiles;  but  a  correspondingly  developed  crest 
exists  in  the  great  majority  of  birds,  especially  sudi  as  have  great 
walking-  or  swimming-powers. 

"  7.  The  lower  extremity  of  the  fibula  is  much  smaller  than  the 
other ;  it  is,  proportionally,  a  more  slender  bone  than  in  other  rep* 
tiles.  In  birds  the  distal  end  of  the  fibula  thins  away  to  a  point, 
and  it  is  a  still  more  slender  bone. 

"  8.  Seelidosaurua  has  four  complete  toes,  but  there  is  a  rudiment 
of  a  fifth  metatarsal.  The  third,  or  middle,  toe  is  the  largest,  and  the 
metatarsal  of  the  hallux  is  much  smaller  at  its  proximal  than  at  its 
distal  end.  I^uanodon  has  three  large  toes,  of  which  the  middle  is 
the  longest.  The  slender  proximal  end  of  a  first  metatarsal  has 
been  found  adherent  to  the  inner  face  of  the  second,  so  that  if  the 
hallux  was  completely  developed  it  was  probably  very  small.  No 
rudiment  of  the  outer  toe  has  been  observed. 

**  It  is  dear,  from  the  manner  in  which  the  three  principal  meta- 
tarsals articulate  together,  that  they  were  very  intimately  and  firmly 
united,  and  that  a  sufficient  base  for  the  support  of  the  body  was 
afforded  by  the  spreading  out  of  the  phalangeal  regions  of  the  toes. 

"  From  the  great  difference  in  size  between  ttie  fore  and  hind 
limbs,  Mantell  and,  more  recently,  Leidy  have  concluded  that  the 
IHno8auria(8it  least  Iguanodon  and  Iladrosaurus)  may  have  supported 
themselves  for  a  longer  or  shorter  period  upon  their  hind  legs.  But 
the  discovery  made  in  the  Weald  by  Mr.  Beckles,  of  traces  of  large, 
three-toed  foot-prints,  of  such  a  size  and  at  such  a  distance  apart 
that  it  is  difficult  to  believe  they  can  have  been  made  by  any  thing 
but  an  Igiuinodon,  lead  to  the  supposition  that  this  vast  reptUe,  and 
perhaps  others  of  its  family,  must  have  walked,  temporarily,  or  per- 
manently, upon  its  hind  legs. 

"  However  this  may  be,  there  caii  be  no  doubt  that  the  hind  quar- 
ters of  the  Dinosauria  wonderfully  Approached  those  of  birds  in 
their  general  structure,  and,  therefore,  that  these  extinct  reptiles 
were  more  closely  allied  to  birds  than  any  which  now  live"*. 

There  is  one  part  of  the  organization  of  the  Dtnosawia  which  is 
not  mentioned  in  this  enunciation,  because  I  did  not  at  that  time 
see  its  bearing  upon  the  problem  under  discussion,  I  mean  the  very 
singular  structure  of  the  distal  moiety  of  the  tibia. 

It  took  me  a  great  deal  of  trouble  to  comprehend  the  structure  of 

*  Proceedings  of  the  Royal  InstiluUon  of  Great  Britain.      Friday,  Feb.  7, 
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this  bone^  the  extant  descriptioiis  being  very  imperfect,  and  some- 
time based  upon  bones  which  haye  been  broken  ahd  pat  together 
the  wrong  way  by  the  mender.  In  the  BritiBh-Maseam  collection 
the  only  thoronghly  trustworthy  Imianadon  tibia  I  can  find  is  the 
small  one  nnmberod  36,403.  li  has  been  broken  into  several 
pieees ;  but  they  are  very  well  fitted  together,  and  the  bone  is  not 
at  aU  distorted.  A  second  tibia  of  Iguanod&n,  with  a  very  good 
proximal  ^d,  is  numbered  28,609.  The  distal  end  of  the  Megalo- 
sanrian  tibia  (No.  31,809),  which  has  been  figured,  is  imperfect ;  but 
there  was  a  tibia  of  Megalosaurus  in  the  collection,  the  distal  end  of 
which  was  still  inserted  in  its  matrix ;  and,  at  my  request,  it  was 
Tcry  carefully  worked  out.  This  tibia  is  the  most  perfect  I  have 
seen. 

Its  proximal  end  is  produced  into  a  great  cnemial  crest,  which  is 
concave  on  its  outer,  convex  on  its  inner  side.  But  when  the  backs 
of  the  condyles  rest  upon  a  plane  surface,  the  outer  edge  of  the  crest 
does  not  project  beyond  the  outer  side  of  the  bone.  The  inner  and 
outer  condyles  of  the  proximal  end  are  not  very  unequal,  though 
the  outer  is  the  smaller.  On  the  outer  side  of  the  proximal  end  of 
the  bone  ^ere  is  a  strong  longitudinal  ridge  for  the  attachment  of 
the  fibula.  The  shaft  of  the  bone  is  somewhat  flattened  from  before 
backwards,  and  the  distal  end  is  still  more  flattened  and  expanded. 
Moreover  the  direction  of  its  faces  is  quite  different  fix>m  that  of 
the  principal  faces  of  the  proximal  end  of  the  bone.  These  look 
inwards  and  outwards,  supposing  the  condyle  to  rest  upon  a 
posterior  plane  surface.  But  the  faces  of  the  distal  moiety  of  the 
tibia  look  forwards  and  outwards,  and  backwards  and  inwards,  the 
plane  of  the  distal  end  of  the  bone  being  nearly  at  right  angles  to 
that  of  the  proximal  end.  The  antero-extemal  face  of  the  distal  end 
presented  a  somewhat  smooth  surface,  apparently  for  the  articulation 
of  a  bone ;  and  this  surface  was  bounded  above  and  internally  by  a 
sharply  defined  edge,  which  terminated  the  face  of  the  shaft  of  the 
bone.  This  edge  at  first  passed  outwards  and  backwards,  and  was 
convex  downwards ;  but  having  reached  the  middle  of  the  surface 
of  the  bone,  it  turns  upwards  and  is  lost  at  about  ^  the  length  of  the 
tibia  from  its  distal  end.  The  distal  articular  surface  is  wider  in- 
ternally than  externally,  and  its  external  moiety  projects  further 
than  the  internal,  so  that  its  inferior  contour  is  oblique  and  slightly 
sinuated. 

The  tibia  of  Iguanodon  is  similar  in  its  general  characters  to  that 
of  Megaiosawrm ;  but  the  two  condyles  at  the  proximal  end  are 
more  unequal,  and  the  great  cnemial  crest  is  bent  over  in  such  a 
manner  as  to  project  far  beyond  the  outer  side  of  the  tibia  when 
the  posterior  edges  of  the  condyles  rest  upon  a  plane  surface.  There 
is  a  small  facet  just  beneath  the  outer  condyle,  for  the  proximal 
end  of  the  fibula ;  but  no  crest  for  that  bone  is  developed  from  the 
outer  face  of  the  tibia.  The  distal  half  is  not  so  fiattened  as  in  Mega- 
hmurusy  but  more  trihedral  Its  plane  is  twisted  in  the  same  way  in 
relation  to  the  antero-posterior  plane  of  the  bone,  as  in  Megalosaurus. 
The  distal  extremity  is  divided  into  a  larger  antero -internal,  and 
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a  smaller  postero-extemal  moiety.  The  former  presents  a  convex 
articular  8iir£Eu>ey  which  looks  obliquely  downwards  and  outwards. 
The  postero-extemal  moiety  is  an  irregularly  concavo-convex  sur- 
face, which  projects  suddenly  and  considerably  beyond  the  level  of 
the  other. 


Fig.  1.  A,  the  right  tibia  of  Megalosaurus.  The  posterior  margins  of  the 
articular  condyles  are  supposea  to  be  in  the  plane  of  the  paper ;  Or-b^  a  line 
trayersing  the  median  plane  of  the  distal  end  of  the  bone ;  a^  the  summit  of 
the  cnemial  crest  The  strong  fibular  ridge  is  seen  on  the  outer  surface  of 
the  proximal  third  of  the  bone. 

B,  the  distal  extremity  of  the  same  bone  projected  upon  the  proximal 
end,  which  is  drawn  in  outline.  The  letters  as  before,  except  c  the  outer 
and  c'  the  inner  condyle. 

Fig.  2.  A  &  B,  correspondm^  views  of  the  tibia  of  a  young  FowL  The  letters 
have  the  same  signification. 
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The  detennination  of  the  tme  form  of  the  distal  end  of  the  tibia 
of  MegaloMVTUB  had  some  interesting  conseqnenoes. 

In  the  '  Ossemens  Foesiles'  (^.  4>»,  t.  ix.  p.  204, «  Sanriens  Fos- 
sileB  "),  the  following  passage  occors : — 

**  A  lower  portion  of  a  tibia  from  Honfleor,  with  the  astragalus, 
another  bone  of  the  tarsus,  and  a  fragment  which  possibly  belongs 
to  the  fibula  indicate  a  hind  foot  of  very  extraordinary  structure. 

**  To  understand  its  nature,  it  is  necessary  to  conceive  that  the 
1^  to  which  these  bones  belonged  was  much  compressed  from  side 
to  side,  so  as  to  be  sharp  behind,  like  the  tarsus  of  a  duck,  instead  of 
being  flattened  from  before  backwards,  like  that  of  the  Crocodiles, 
and  still  more  that  of  the  Monitors.  Bearing  this  conception  in 
mind,  the  bone  a  a,  figs.  34-36,  has  some  similarity  in  form  to  the 
astragalus  of  the  Crocodile ;  but  one  sees  that  the  calcaneum  must 
haye  been  altogether  posterior  and  very  small. 

^The  articular  face  of  the  tibia  is  0*14  metre  long ;  its  greatest 
widtii  (0*04)  is  towards  its  anterior  fourth,  which  is  acutely  angu- 
lated;  posteriorly,  the  inner  edge  is  undulated.  A  curved  crest  ascends 
obliquely  along  the  inner  face  of  the  tibia,  and  articulates  with  the 
ascending  and  compressed  process  of  the  astragalus.  In  conse- 
quence of  its  compression,  the  form  of  this  astragalus  is  so  curious 
that  it  mght  be  taken,  at  first  sight,  for  the  calcaneum  of  a  mammal. 
"  Below,  it  presents  a  convex  cylindrical  surface ;  above,  it  is  irre- 
gularly concave,  to  adjust  itself  to  the  sinuosities  of  the  articular 
&Ge  of  the  tibia ;  from  its  inner  edge,  posteriorly,  arises  the  com- 
prised process  of  which  I  have  spoken.  The  internal  face  is  semi- 
lunar. Behind,  it  is  truncated,  presenting  a  little  concave  facet, 
which  undoubtedly  articulated  with  the  calcaneum. 

<*  The  animal  to  which  this  lower  part  of  a  leg  and  this  tarsus 
belonged  cannot  have  been  less  than  thirty-six  feet  long,  supposing 
it  to  have  nearly  the  same  proportions  as  the  Gavials.  If  it  had  the 
proportions  of  a  Monitor,  its  length  must  have  amounted  to  forty-six 
feet'' 

Now,  on  comparing  the  distal  end  of  the  tibia  of  Megalosaurus 
with  that  of  Cuvier's  Honfleur  Saurian,  it  was  quite  obvious  that 
the  two  were  closely  analogous,  and  that  MegcHosaurus  must  have 
had  an  astragalus  very  like  that  of  the  Honfleur  reptile.  Evidence 
confirmatory  of  this  conclusion  was  derived  from  another  quarter. 

The  '  Memoires  de  la  Society  linn^nne  de  Normandie '  (tome  vi. 
1838)  contain  a  very  remarkable  paper  by  M.  Eudes  Deslong- 
champe,  ''  Sur  le  PotkUopleuron  Bueklandii,  grand  Saurien  Fossile 
interm^aire  entre  les  Crocodiles  et  les  Lezards,"  discovered  in 
a  Caen-stone  quarry.  The  remains  of  this  animal  indicate  that 
it  had  a  length  of  from  25  to  30  feet ;  and  as  teeth  of  Megalosaurus 
Bwklandi  occur  in  the  Caen  stone,  Deslongchamps  is  inclined  to 
SDspect  that  PoihUopleuron  may  be  identical  with  Megalosaurus. 
Among  the  bones  of  his  Poikilopleuron,  Deslongchamps  obtained 
two  astragali,  the  resemblance  of  which  to  the  bone  described  by 
Cuvier  in  the  *  Ossemens  Fossiles/  was  exceedingly  striking  ;  and 
applying  one  of  these  bones  to  the  end  of  a  fragment  which  he  had 
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previously  considered  to  be  a  femur,  he  found  that  it  was  really  the 
distal  end  of  the  tibia,  corresponding  in  all  its  broad  features  with 
CuTier's  specimen  from  the  Honfleur  clays.  Deslongchamps's  very 
just  appreciation  of  the  close  affinity  between  his  Poikilopleuron 
and  Megalosaurus  would  have  been  immensely  fortified  if  he  had 
been  acquainted  with  the  true  structure  of 'the  distal  end  of  the  tibia 
of  the  latter  reptile. 

I  had  got  thus  far  in  Pebruary  1868,  and  it  was  on  the  strength 
of  the  facts  just  mentioned  that  1  included  Poilcilojpleuron  in  the 
list  of  the  Dinosauria,  in  the  lecture  which  has  been  cited.  At  that 
time,  however,  I  had  not  seen  the  following  notes  by  Prof.  E.  D. 
Cope,  of  Philadelphia,  which  are  contained  in  the  '  Proceedings  of 
the  Academy  of  Natural  Sciences  of  Philadelphia,'  for  liTovember 
1866  and  December  1867,  and  in  the  '  Proceedings  of  the  Boston 
Natural  ffistory  Society '  for  June  1869,  and  which  constitute  im- 
portant additions  to  his  previously  published  account  of  the  Ameri- 
can Megalosauroid  ^Loelaps. 

The  similarity  of  Prof.  Cope's  general  conclusions  to  my  own,  in 
his  second  note,  render  it  necessary  for  me  to  point  out  that  I  could 
not  possibly  have  known  anything  about  them  when  my  lecture 
was  delivered,  still  less  at  the  time  when  the  letter  from  Prof. 
Phillips  which  I  have  cited,  was  written. 

<*£.  D.  Cope  pointed  out  the  anomalous  relations  existing  be- 
tween the  tibia  and  the  fibula  in  certain  of  the  Dinosauria,  as 
illustrated  by  the  genus  Lcelaps.  He  remarked,  the  distal  extre- 
mity of  the  tibia  is  transverse  and  much  compressed,  and  does  not 
exhibit  any  of  the  usual  appearances  of  an  articular  surface,  neither 
the  reptilian  condyle,  nor  a  cotyloid  cavity  sufficient  for  an  astra- 
galus of  the  size  necessary  for  an  animal  of  such  bulk.  A  bone 
presenting  a  broad  hour-glass-faced  articular  surface  was  disco- 
vered with  the  other  remains,  and  had  puzzled  the  anatomists  who 
had  seen  it.  This  piece  exhibits  slong  its  whole  posterior  aspect 
two  faces,  which  form  a  reentrant  angle  for  a  fixed  articulation ; 
this  is  found  to  have  been  applied  to  the  extremity  of  the  tibia 
exactly,  and  to  have  been  fixed  by  strong  articular  ligaments. 
The  medianly  constricted  condyle,  presenting  forwards  and  a  little 
downwards,  exhibits  so  little  analogy  with  the  astragalus,  as  to 
suggest  other  interpretations;  and  after  a  careful  examination,  it 
seems  evidently  the  distal  extremity  of  the  fibula.  This  element 
furnishes  a  small  articular  surface  at  the  knee,  and  fitting  the  tibia 
by  the  concavity  of  its  inner  face,  becomes  greatly  attenuated  at  its 
distal  third,  where  it  is,  in  consequence  of  the  obliquity  of  its 
direction,  applied  to  the  anterior  face  of  the  former  bone.  It  then 
spreads  into  a  plate  extending  to  the  inner  margin  of  the  tibia, 
while  the  solid  shank  is  continued  along  the  outer  margin,  and  both 
terminate  in  the  massive  condyle,  which  embraces  the  whole  extre- 
mity of  the  tibia,  like  an  epiphysis. 

"  One  other  example  only  of  this  structure  is  known  in  the  Ver- 
tebrata,  of  which  I  only  find  mention  in  Cuvier,  *  Ossemens  Fossiles,' 
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X.  p.  204,  tab.  249.  figs.  34,  5.  This  author  studied  the  distal  ex- 
tremity of  a  tibia,  wil£  applied  fibular  condyle,  firom  Honfleur,  which 
he  was  not  able  to  assign  to  any  known  species  or  genus,  but 
which  he,  with  his  usual  sagacity,  included  in  Uie  chapter  dcToted  to 
Meffolosaurus.  He  however  r^arded  the  face  of  the  tibia  receiving 
the  Gondyle-bearing  bone  as  the  inner  instead  of  the  anterior, 
stating  that  the  tibia  is  laterally  instead  of  antero-posteriorly 
compressed ;  so  anomalous  is  this  structure  among  Vertebrates.  He 
regarded  the  bone  as  the  astragalus,  and  did  not  perceive  any  con- 
nezioa  between  its  ascending  apophysis  and  a  fibula,  partly  because 
a  fibula  with  distinct  distal  articulations  was  received  with  the  same 
bones. 

"  The  fibular  condyle  possesses  an  articular  facet  on  its  exterior 
extremity  (anterior,  Cuvier),  probably  adapted  to  a  corresponding 
face  of  a  calcaneum.  Its  plane  is  transverse,  and  does  not  cover 
the  whole  extremity,  the  anterior  margin  and  a  knob  on  the  ante- 
ro-superior  part  of  the  extremity  projecting  beyond  it.  Exterior  to 
the  middle  of  the  upper  margin  of  this  piece,  and  at  the  internal 
base  of  the  ascending  apophysis,  it  is  perforate,  as  is  the  cavity 
above  the  condyles  of  the  humerus  in  the  higher  apes,  and  may 
have  received  a  similar  coronoid  process  of  an  astragalus. 

"  As  compared  with  the  species  examined  by  Cuvier,  this  fibular 
condyle  has  a  less  elevated  form ;  in  Cuvier's  specimen  the  ascend- 
ing apophysis  was  fiatter,  broader,  and  directed  towards  the  calca- 
neal facet  instead  of  from  it ;  it  lacked  the  submedian  perforation. 
Its  tibial  face  appears*  to  have  been  rounded,  not  angulate.  The 
tibia  presented  an  ascending  ridge  to  the  face  by  which  the  ascend- 
ing apophysis  was  applied ;  in  the  Lcdaps  aqmlunguis  there  is  no 
ridge,  the  apophysis  reposing  in  a  slight  concavity.  This  apophysis, 
like  tiie  slender  portion  of  the  fibula,  is  composed  of  dense  bone  .  . 


"  The  direction  of  the  condyle  indicates  the  articulation  of  the 
tarsal  elements  to  have  been  at  a  considerable  angle  with  the  shank 
of  the  leg,  and  that  the  animal  was  entirely  plantigrade  and  was 
unable  to  extend  the  foot  in  line  with  the  lower  leg.  The  animal's 
weight  was,  no  doubt,  shared  by  another  tarsal  bone,  besides  the 
astragalus,  owing  to  the  anterior  position  of  the  former. 

**  In  most  known  Dinosauria  the  relations  of  the  tibia  and  fibula 
are  similar  to  those  in  the  modem  LaeertUia.  It  would  appear,  then, 
tiiat  the  class  existed  under  two  ordinal  modifications :  the  first, 
including  Seelidosaurus  (Ow.),  HylososavruM  (Mant.),  Iguanodon 
(Mant.),  and  Hadrasaurua  (Leidy),  may  be  called  the  Orthopoda  ; 
the  seeond,  including  LoAaps  (Cope),  and  probably  Megalosaurua 
(BuckL),  may  be  termed  the  GoiaoponA."* 

Prof.  Cope's  description  leaves  no  doubt  that  Lcdaps  had  the 
tihui  aad  the  anomalous  bone  which  articulates  with  it,  distally 
fashioned  in  the  same  way  as  in  Megahsaurus,  the  Honfleur  reptile, 
and  PoUcilopleuron ;  but  it  will  become  dear  by  and  by  that  the 

*  Proceedings  of  the  Academy  of  Natural  Sciences  of  Philadelphia.  Not. 
13.  1866. 
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anomalouB  bone  is  certainly  the  astragalus,  as  Cuvier  determined  it 
to  be,  and  not  a  part  of  the  fibula ;  it  will  also  appear,  I  think,  that 
Cuvier  was  right,  from  a  morphological  point  of  view,  when  he  de- 
declared  the  tibia  to  be  laterally  compressed,  and  that  there  is  no 
proof,  but  rather  a  presumption  the  other  way,  as  to  the  plantigrade 
character  of  Lodaps,  Finally,  I  shall  bring  forward  evidence  to 
show  that  the  structure  of  the  tibia  and  astragalus  in  question  ob- 
tained in  all  the  genera  mentioned,  so  that  the  groups  of  Orthopoda 
and  Ganiopoda  must  be  disestablished. 

Prof.  Cope  *  gave  an  account  of  the  extinct  reptiles  which  ap- 
proached the  birds.  "  He  said  that  their  approximation  appeared  to 
be  at  two  points,  the  first  by  the  Pterosauria,  to  which  the  modified 
bird  ArchcBopteryx  presented  points  of  affinity.  The  second,  and 
one  not  less  striking,  is  by  the  Dinosauria  of  the  orders  Oonio- 
poda  and  Symphcpoda,  He  showed  the  essential  differences  be- 
tween the  ordinary  Dinosauria  and  the  birds  to  consist  in  the  dis- 
tinct tarsal  bones  in  two  series,  the  anteriorly  directed  pubes,  and 
the  presence  of  teeth,  of  the  first  class.  In  the  genus  Lcelaps 
(Cope),  type  of  the  Oaniopoda,  the  proximal  series  of  the  tarsal 
bones  was  principally  represented  by  one  large  astragaloid  piece, 
which  had  a  very  extensive  motion  on  those  of  the  second  series. 
This  was  immovably  bound  to  and  embraced  the  tibia,  and  was 
perhaps  continuous  with  the  fibula,  much  resembling  the  structure 
of  the  foot  of  the  chick  of  the  ninth  day,  as  given  by  Gegenbaur. 
The  zygomatic  arch  was  of  a  very  light  description.  He  was  con- 
vinced that  the  most  bird-like  of  the  tracks  of  the  Connecticut 
sandstone  were  made  by  a  nearly  allied  genus,  the  Baihygnathus 
(Leidy).  These  creatures,  no  doubt,  assumed  a  more  or  less  erect 
position,  and  the  weight  of  the  viscera  &c.  was  supported  by  the 
slender  and  dense  pubic  bones,  which  were  to  some  extent  analo- 
gous to  the  marsupial  bones  of  implacental  Mammalia,  though 
probably  not  homologous  with  them. 

**  He  said  he  was  satisfied  that  the  so-called  clavicles  of  Igvanodan 
and  other  Dinosauria  were  pubes,  having  a  position  similar  to 
those  of  the  Croeodilia — also  that  a  species  of  Lcelaps  had  been 
observed  in  France,  by  Cuvier,  which  was  different  from  the  L, 
aquilunguis,  and  which  he  proposed  should  be  called  Laslaps  gal^ 
licus. 

"  CompsognaOius  (Wagner),  type  of  the  Symphopoda,  expressed 
the  characters  of  the  latter  in  the  entire  union  of  the  tibia  and  fibula 
with  the  first  series  of  tarsal  bones — a  feature  formerly  supposed  to 
belong  to  the  class  Aves  alone,  until  pointed  out  by  Gegenbaur. 
This  genus  also  offered  an  approach  to  birds  in  the  transverse 
direction  of  the  pubes  (unless  this  be  due  to  distortion  in  the  speci- 
men figured  by  Wagner),  their  position  being  intermediate  be- 
tween the  position  in  most  reptiles  and  in  birds.    Other  bird-like 

*  Proceedings  of  (he  Academy  of  Natural  Sciences,  Philadelphia,  Dec.  31st, 
1867.  I  may  remark  that  my  memour  "  On  the  Classification  of  Birds"  was 
published  in  the  summer  of  1867  in  the  '  Frooeedinffs  of  the  Zoological  Society.' 
Prof.  Cope  has  evidently  done  me  the  honour  to  study  it  carefully. 
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features  were  the  great  number  and  elongation  of  the  vertebne  of 
the  neck,  and  the  very  light  construction  of  the  arches  and  other 
bones  of  the  head. 

**  He  thought  the  Penguin,  with  its  separated  metatarsals,  formed 
an  approach  on  the  side  of  the  birds ;  but  whether  the  closest  ap- 
proxiniation  to  the  Sympktfpoda  should  be  looked  for  here  or  among 
the  long-tailed  Eatitee  (Ostrich,  &c,)  he  was  unable  to  indicate." 

The  '  Proceedings  of  tiie  Boston  Natural  Bistoiy  Society'  for  June 
18th,  1869,  state  that  Prof.  Cope  ''  gave  an  account  of  the  diBCOvery 
by  Dr.  Samuel  Lockwood,  of  Eeyport,  of  a  fragment  of  a  large  Dino- 
saur, in  the  day  which  immediately  underlies  the  day-marls 
below  the  Lower  Greensand  bed  in  Monmouth  Ck)unty,  New  Jersey. 
The  fossil  represented  the  extremities  of  the  tibia  and  fibula,  with 
astragalo-calcaneum  ankylosed  to  the  former,  in  length  about  six- 
teen inches,  distal  width  fourteen.  The  confluence  of  the  first  se- 
ries of  tarsal  bones  with  each  other  and  with  the  tibia  he  regarded 
as  a  most  interesting  peculiarity,  and  one  only  met  with  elsewhere 
in  the  reptile  Compsogna^us  and  in  birds.  He  therefore  referred 
the  animal  to  the  order  Symphopoda,  near  to  Compsognathus,  Wag- 
ner. The  extremity  of  the  fibula  was  free  from,  and  received  into 
a  cayity  <^  the  astragalo-calcaneum,  and  demonstrated  what  the 
speaker  had  already  asserted,  that  the  fibula  of  Iguanodon  and 
Uadrosawrus  had  been  inverted  by  their  describers.  The  medullary 
cavity  was  fiUed  with  open  cancellous  tissue.  The  spedes,  which 
was  one  half  larger  than  the  type-specimen  of  HadrosauruB  FoulJciiy 
he  named  Omithotarsiu  immams.*' 

It  is  very  satisfeustory  to  me  to  find  that  so  able  an  anatomist  as 
Prof.  Cope  should  have  been  led  by  the  force  of  facts  to  arrive,  si- 
multaneously with  myself,  at  conclusions  so  similar  in  their  general 
character  with  my  own.  It  wiU  be  observed,  however,  that  we 
differ  a  good  deal  in  details.  For  example,  it  appeared  to  me  that  it 
was  more  probable  that  the  so-called  "  clavides  "  of  the  Dinosauria 
were  isehia,  rather  than  pubes ;  and  in  my  diagrammatic  restora- 
tion of  Iguanodon,  they  are  directed  backwards  in  a  manner  ap- 
proaching that  in  which  the  iBchia  of  Birds  are  disposed,  rather 
than  in  ^ocodilian  fashion,  forwards,  as  Prof.  Cope  supposes.  Prof. 
Cope  does  not  allude  to  the  strongly  ornithic  characters  of  the 
ihum  and  of  the  proximal  ends  of  the  tibia  and  fibula.  In  describing 
the  astragalus  of  Lceilaps,  Prof.  Cope  states  that  *'  one  other  ex- 
ample only  of  this  structure  is  known  in  the  Vertebrata,'*  referring 
to  Cuvier's  Honfleur  reptile ;  but,  as  I  shall  show  immediatdy,  the 
astragalus  is  alt(^ther  similar  in  the  commonest  Birds,  and  probably 
in  the  whole  class  Aves. 

Prof.  Cope  states  that  the  fibulsB  of  the  Dinosauria  have  been 
turned  upside  down  by  the  describers  of  Iguanodon  and  Hadro- 
fourus.  1  am  quite  aware  that  the  fibulse  of  the  former  reptile  have 
been  figured  the  right  way  up  by  the  artist  and  carefully  inverted 
in  the  text  by  the  describer ;  but  if  Prof.  Cope  wiU  refer  to  my 
lecture,  published  in  the  '  Popular  Science  Review,'  he  will  see  that 


Digitized  by 


Google 


26  PBocBEDnras  of  the  geological  sooibtt.        [Nov.  10, 

what  I  say  about  the  fibula  is  consistent  only  with  a  knowledge  of 
the  proper  relations  of  its  ends. 

The  further  evidence  as  to  the  ornithic  affinities  of  the  Dinogauria 
which  I  have  to  bring  forward  in  the  present  paper  consists,  first,  in 
the  structure  of  the  pelvis,  as  shown  by  Megahsaurus,  Igtuinodon, 
and  Hypsihphodon,  and,  secondly,  in  that  of  the  distal  end  of  the 
tibia  and  of  the  astragalus,  as  evidenced  by  PoiJcilopleuran,  MegaUh- 
murus,  and  Lcdaps. 

If  the  pelvis  of  any  existing  reptile  be  compared  with  that  of  any 
existing  bird,  the  following  points  of  difference  will  be  observed  : — 

1.  In  the  Eeptile  the  ilium  is  not  prolonged  in  front  of  the  aceta- 
bulum ;  and  the  acetabulum  is  either  wholly  closed  by  bone,  or  pre- 
sents only  a  moderate-sized  fontaneUe,  as  in  the  OrocodiUa. 

In  the  Bird  the  ilium  is  greatly  prolonged  in  front  of  the  aceta- 
bulum, and  the  roof  of  the  acetabular  cavity  is  a  wide  arch,  the  inner 
wall  of  that  cavity  remaining  membranous.  The  anterior  pier  of 
the  arch  or  prsBacetabular  process  extends  farther  downwarcb  than 
the  posterior  pier  or  postacetabular  process. 

Now,  in  all  the  Dinosauria  which  I  have  yet  examined,  the  iKum 
extends  far  in  front  of  the  acetabulum,  and  furnishes  only  a  widely 
arched  roof  to  that  cavity,  as  in  Birds.  It  retains  a  reptilian  cha- 
racter in  the  farther  proportional  extension  of  the  postacetabular 
process  downwards. 

2.  The  ischium  in  the  Reptile  is  a  moderately  elongated  bone, 
which  becomes  connected  with  the  pubis  in  the  acetabulum,  and  ex- 
tends downwards,  inwards,  and  somewhat  backwards,  to  unite  with 
its  fellow  in  a  median  ventral  symphysis.  The  obturator  space  is  not 
interrupted  by  any  forward  process  of  the  outer  and  anterior  half  of 
the  ischium. 

In  all  birds  the  ischium  is  elongated  and  inclined  backwards,  the 
backward  direction  being  least  marked  in  Apteryx,  and  most  in 
jRhea,  The  ischia  never  come  together  directly  in  a  median  ven- 
tral symphysis,  though  they  unite  dorsally  in  ETiea,  The  anterior 
edge  of  the  external  half  of  the  ischium  very  generally  sends  off  a 
process  which  unites  with  the  pubis,  thus  dividing  the  obturator 
space. 

In  all  the  Dinosauria  in  which  I  have  been  able  to  identify  the 
bone  (ThecodontomuruSf  Teratomurus,  Megalosaurus,  Iguanodan, 
Stenopdyx,  Iladrosaurus,  Ifypsilophodon),  the  ischium  is  greatly 
elongated.  In  Iguanodon  it  has  the  obturator  process  characteristic 
of  the  same  bone  in  Birds  ;  and  I  imagine  that  the  same  process  is 
seen  in  Compsognathus.  In  Hypsilophodon  there  can  be  no  mistake 
about  the  matter,  and  the  remarkable  slenderness  and  prolongation 
of  the  ischium  gives  it  a  wonderfully  ornithic  character.  In  Igua- 
nodon  this  slenderness  and  prolongation  are  carried  beyond  what  is 
to  be  seen  in  Birds.  I  am  disposed  to  think,  however,  that,  as 
was  certainly  the  case  in  ffypsilopTiodon,  the  ischia  united  in  a 
median  ventral  symphysis  in  all  the  Dinosauria, 
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Fig.  3.  The  pelTis  and  hind  limb  of  an  Emu  {Drommu)  and  a  Crocodile 
{Crocoditus),  for  oomparison  with  the  diafframmatic  restoration  of  the 
oorreeponding  parts  in  an  Iguanodontoid  Dinosaurian.  The  bones  of  the 
Bird  are  in  their  natural  position ;  in  the  Binoaaor  it  may  be  a  question 
-whether  the  metatarsus  was  so  much  raised;  in  the  Crocodile  tne  foot 
would,  naturally,  be  flat  upon  thejground,  and  the  thigh  turned  out  nearly 
at  right  angles  to  the  body.  Tlod  letters  hare  the  same  signification 
throughout;  H,  ilium;  a,  J,  its  anterior  and  posterior  extremities;  Is, 
ischium ,  JPb,  pokia ;  7V-,  trochanter  of  the  femur  of  the  Dinosaur ;  T,  tibia ; 
F,  fibula;  JSj  astragalus;  Ca,  calcaneum ;  1,  the  distal  diTision  of  the 
tarsus :  I,  II,  m,  I V.  V,  the  digits. 
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Thus  the  ischia  of  a  Dinosaurian  are  more  bird-like  than  those  of 
any  existing  reptile,  but  retain  the  reptilian  union  in  a  symphysis. 

3.  In  all  reptiles  the  pubis  is  incHned  forwards  as  well  as  down- 
wards towards  the  ventral  median  line.  In  all  except  the  Crocodile 
it  takes  a  considerable  share  in  the  formation  of  the  acetabulum ; 
and  in  all,  except  the  Crocodile  again,  the  ossified  pubis  unites 
directly  with  its  fellow  in  the  middle  line.  In  the  Crocodiles,  the 
inner  extremities  of  the  pubes  remain  cartilaginous  for  a  great  ex- 
tent, and  consequently  the  ossified  parts  of  the  pubes  remain  widely 
apart  in  the  dry  skeleton. 

Prof.  Phillips  has  shown  me  what  I  believe  to  be  fragments  of  the 
pubes  of  Megalomurvs  in  the  Oxford  Museum.  If  the  determina- 
tion is  correct,  they  resembled  those  of  the  Ostrich  in  many  re- 
spects. As  they  are  detached,  there  is  no  certainty  respecting  their 
direction.  The  pubes  of  Compsognathus  are,  unfortunately,  obscured 
by  the  femora.  They  seem  to  have  been  very  slender ;  and  they 
are  directed  forwards  and  downwards,  like  those  of  lizards.  Some 
lizards,  in  &ct,  have  pubes  which,  if  the  animal  were  fossilized  in 
the  same  position  as  Compsognathus,  would  be  very  similar  in  form 
and  direction. 

HypsUophodon,  however,  affords  unequivocal  evidences  of  a  far- 
ther step  towards  the  bird.  The  pubee  are  not  only  as  slender  and 
elongated  as  in  the  most  typical  bird,  but  they  are  directed  down- 
wards and  backwards  par&Uel  with  the  ischia,  thus  leaving  only  a 
very  narrow  and  elongated  obturator  foramen,  which  is  divided 
by  the  obturator  process.  I  suspect  that  if  only  the  pubis  and  the 
ischium  of  Hypsilopliodon  had  been  discovered,  they  would  have 
been  unhesitatingly  referred  to  Aves. 

Thus,  as  far  as  its  pubis  is  concerned,  Hypdhphodon  affords  an 
unmistakable  transition  between  Reptilia  and  Aves,  It  remains  to 
be  seen  how  far  the  hypsilophodont  modification  extended  among  the 
Dinosauria,  The  remains  of  Compsognathus  and  of  SUnopdyx  lead 
me  to  suppose  that  it  was  by  no  means  universal.  In  &ct  in  this, 
as  in  many  other  respects,  I  have  reason  to  think  that  the  Dino- 
sauria  present  us  with  serial  modifications  leading  from  the  Para- 
suchian*  t3rpe  of  structure,  on  the  one  hand,  to  that  of  Birds  on  the 
other. 

The  evidence  yielded  by  the  distal  end  of  the  tibia  and  the  astra- 
galus has  the  same  tendency. 

In  the  splendid  collection  of  Megalosaurian  remains  in  the  pos- 
session of  Mr.  James  Parker,  of  Oxford,  which  I  had  the  good 
fortune  to  see  a  few  weeks  ago,  I  recognized  the  astragalus  of  that 
reptile,  which,  as  I  had  already  divined  from  the  structure  of  the 
tibia,  is  altogether  like  the  corresponding  bone  in  PoVcilopleuron. 

In  another  specimen  the  distal  end  of  the  tibia  and  the  fibula 
were  in  place,  and  thei*e  was  the  impression  of  the  ascending  pro> 
cess  of  the  astragalus,  with  a  fragment  of  its  bony  substance,  ex- 
actly where  it  should  be.     With  this  complete  knowledge  of  the 

^  By  the  generic  name  Paramickus  I  indicate  a  reptile  from  the  Indian 
Trios,  which  I  hope  sliortly  to  describe,  and  which  ie  clearlj  allied  to  Behdon, 


Digitized  by 


Google 


1869.]  HUXLBT DnrOSATTBIA  Am)  BIBIW.  29 

tibia,  fibnla,  and  aBtragalns  of  snch  a  typical  Dinosanriaii  as  MegaJo- 
saurusj  let  us  compare  these  bones  wil^  the  corresponding  bones  of 
Beptilee  and  Birds,  as  we  have  compared  the  pelvis. 

In  Beptiles  (ordinary  Lac&rtUta  and  Crocodilia,  namely,  which 
are  alone  at  present  nnder  consideration), — 

1.  The  proximal  end  of  the  tibia  has  but  a  very  small  or  quite 
rudimentary  cnemial  crest,  and  it  presents  no  ridge  for  the  fibula  on 
its  outer  side. 

2.  The  flattened  sides  of  the  distal  end  of  the  tibia  look,  the  one 
directly  forwards,  or  forwards  and  inwards ;  and  the  other  back- 
wards, or  backwards  and  outwards.  And  when  the  posterior  edges 
of  the  two  condyles  of  the  proximal  ends  of  the  tibia  rest  on  a  flat 
surface  which  looks  forwards,  the  long  axis  of  the  distal  end  is 
eitlier  nearly  parallel  with  that  surfeu^e,  or  is  inclined  obliquely 
from  in  front  and  without  backwards  and  inwards. 

3.  There  is  no  depression  in  the  anterior  &ce  of  the  tibia  for  the 
reception  of  an  ascending  process  of  the  astragalus. 

4.  The  distal  end  of  the  fibula  is  as  large  as,  or  larger  than,  the 
proximal  end,  and  articulates  largely  with  a  facet  on  the  outer 
part  of  the  astragalus. 

5.  The  astragalus  is  not  depressed  and  flattened  from  above 
downwards,  nor  does  it  send  a  process  upwards  in  front  of  the  tibia. 

6.  The  astragalus  remains  quite  free  from  the  tibia. 

In  all  these  respects  any  ordinary  bird,  say  a  fowl,  is  very 
strikingly  contrasted  with  the  reptQe. 

1.  GHhe  proximal  end  of  the  tibia  is  produced  forwards  and  out- 
wards into  an  enormous  cnemial  crest;  and,  on  the  outer  side, 
there  is  a  strong  ridge  for  the  fibula. 

2.  When  the  posterior  edges  of  the  condyles  of  the  tibia  rest  upon 
a  flat  surface,  the  one  flat  surface  of  the  distal  end  of  the  bone 
looks  outwards  as  well  as  forwards,  and  the  other  inwards  as  well 
as  backwards,  and  the  axis  of  the  cQstal  end  is  inclined  at  an  angle 
of  45^  to  the  flat  surface  from  within  and  in  front,  backwards  and 
outwards,  thus  exactly  reversing  the  direction  in  the  Beptile. 

3.  There  is  a  deep  longitudinal  depression  on  the  anterior  face  of 
the  distal  end  of  the  tibia,  which  receives  an  ascending  process  of 
the  astragalus. 

4.  The  distal  end  of  the  fibula  is  a  mere  style,  and  does  not  di- 
rectly articulate  with  the  astragalus. 

5.  The  astragalus  ia  a  much-depressed  bone,  with  a  concave  prox- 
imal and  a  convex,  pulley-like  distal  surface.  A  process  ascends 
from  its  front  margin  in  the  groove  in  the  front  face  of  the  tibia. 
Tbaa  process  is  comparatively  short,  and  perforated  by  two  canals 
for  the  tibudts  antieus  and  extemor  communis  in  the  Fowl,  while  in 
the  Ostrich  and  Emu  it  is  extremely  long  and  not  so  perforated. 

6.  The  astragalus  becomes  ankylosed  with  the  tibia  (though  it  re- 
mains distinct  for  a  long  time  in  the  Ostrich  and  Bhea^  and  in  some 
breeds  of  fowls). 

Now  in  every  one  of  these  particulars,  except  perhaps  the  last, 
MegdUaaurutt  is  feur  more  like  a  bird  than  it  is  like  a  reptile. 
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1.  There  is  a  great  cnemial  crest  and  a  ridge  for  the  fiihula. 

2.  The  disposition  of  the  distal  end  of  the  tibia  is  literally  that 
observed  in  the  bird. 


Fig.  4. 


Fig.  5. 


Fig.  4,  front  view. 


Fig.  5,  side  view. 


The  distal  end  of  the  tibia  (T\  with  the  astragalus  (As)^  of  a  young  Ostrich 
in  the  Museum  of  the  Boyal  College  of  Surgeons.  *  the  ascending  process  of 
the  astragalus. 

3.  There  is  a  fossa  for  the  reception  of  the  ascending  process 
of  the  astragalus. 

4.  The  distal  end  of  the  fibnla  is  much  smaller  than  the  prozima!, 
though  not  so  slender  as  in  Aves.  It  cannot  articulate  with  the 
astragalus  in  the  precise  way  observed  in  Reptiles. 

5.  The  astragalus  is  altogether  similar  to  that  of  a  bird,  with  a 
short  ascending  process.  I  suspect  that  the  perforation  observed  in 
this  process  in  Lcelaps  by  Prof.  Cope,  is  the  opening  of  a  canal  or 
canals  for  tendons,  as  in  the  fowl. 

6.  The  astragalus  appears  to  have  remained  distinct  from  the 
tibia  throughout  life  in  Megalosaums ;  but  it  seems  to  have  become 
ankylosed  in  Compsognathus,  and  Prof.  Cope  describes  it  as  ankylosed 
in  Omitkotarsus,  I  believe  I  have  evidence  of  the  same  coalescence 
in  EhisJcelosatirua. 

I  find  that  the  tibia  and  the  astragalus  of  a  Dorking  fowl  remain 
readily  separable  at  the  time  at  which  these  birds  are  usually  brought 
to  table.  The  cnemial  epiphysis  is  also  easily  detached  at  this  time. 
If  the  tibia  without  that  epiphysis  and  the  astragalus  were  found  in 
the  fossil  state,  I  know  not  by  what  test  they  could  be  distinguished 
from  the  bones  of  a  Dinosaurian.     And  if  the  whole  hind  quarters, 
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from  the  ilium  to  the  toes,  of  a  half-hatched  chicken  could  be  sud- 
denly enlaced,  ossifLed,  and  fossilized  as  they  aze,  they  would 
fdrnish  us  with  the  last  step  of  the  transition  between  Birds  and 
Beptiles ;  for  there  would  be  nothing  in  their  characters  to  prevent 
us  from  referring  them  to  the  Dinosauria. 


BiSCUSSIOK. 

Sir  BoDsmcK  Mvitcsisoir,  who  had  taken  the  Chair,  inquired  as 
to  the  habits  of  the  HypsUcphodonn 

Mr.  HvLss  mentioned  that  Mr.  Fox  had  two  blocks  containing 
remains  of  a  large  portion  of  the  Hypgikmhodon^  all  procured  from  a 
tiiin  band  of  sandstone  near  Cowleaze  Chine.  On  one  the  pelvis  lA 
almost  entire,  as  well  as  the  right  femur,  the  tibia  (which  is  longer 
than  the  femur),  four  long  metatarsal  bones,  and  an  astragalus.  All 
the  long  bones  are  hollow.  Portions  of  at  least  eight  individuals 
have  been  found  in  the  same  bed. 

Mr.  8eeley  doubted  whether  these  animals  should  be  called  Rep- 
tiles at  all,  as  they  seemed  to  him  to  form  a  group  distinct  alike 
from  reptiles,  birds,  and  mammals,  but  occupying  an  intermediate 
position.  In  the  hinder  limbs  of  Pteradactylus  ^e  analogies  were 
closer  with  mammals  than  with  birds.  He  thought  it  possible  that 
the  peculiar  structure  of  the  hinder  limbs  of  the  Dinosauria  was  due 
to  the  functions  they  performed  rather  than  to  any  actual  affinity 
with  birds. 

The  Pb^osnt,  in  reply,  stated  that  ffypsUaphadon,  frt)m  the 
character  of  its  teeth,  probably  subsisted  on  hard  vegetable  food. 
He  expressed  a  hope  that  Mr.  Eox  would  allow  a  closer  examina- 
tion of  his  specimens  to  be  made.  He  was  unable  to  agree  with  Mr. 
Seele/s  views.  He  was  inclined  to  think  that  the  progress  of  know- 
ledge tended  rather  to  break  down  the  lines  of  demarcation  between 
groups  supposed  to  be  distinct  than  to  authorize  the  creation  of  fr^sh 
divisions. 


NovEicBER  24, 1869. 

Robert  Arnold  Barker,  M.D.,  Civil  Medical  Officer,  Cachar,  Bengal, 
was  elected  a  Fellow  of  the  Society. 

The  following  communications  were  read : — 
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1.  On  the  Classification  of  the  Dikosaubia,  with  observations  on  the 
DiNosATOLA  of  the  Trias.  By  T.  H.  Huxlet,  I1L.D.,  F.R.S.,  Pre- 
sident of  the  Geological  Society. 

[Plate  HI.] 
I.  The  Classification  and  Affinities  of  the  Dinosaueia. 

Contents. 

1.  The  hifltoiy  and  dafinition  of  the  group. 

2.  The  establi^ment  of  the  Order  Omithoacelida  to  include  the  Binosauria 

and  the  Compeognaiha. 

3.  The  affinities  of  the  Omithosoelida  with  other  Beptiles. 

4.  The  affinities  of  tlie  Omithoscelida  with  Birds. 

1.  The  History  and  Definition  of  the  Group , 

The  recognition  of  wliat  are  now  commonly  termed  the  Dinosauria, 
as  a  pecnUar  group  of  the  lUpttlia^  is  due  to  that  remarkable  man 
whose  recent  deatih  all  who  are  interested  in  the  progress  of  sound 
palaeontology  must  deplore— Hermann  von  Meyer.  In  his  •  Palteo- 
logica/  pubUshed  so  long  ago  as  1832*,  Yon  Meyer  classifies  fossil 
reptiles  according  to  the  nature  of  their  locomotive  organs ;  and  his 
second  division,  defined  as  ''  Saurians,  with  limbs  like  those  of*  the 
heavy  terrestrial  Mammalia/'  is  established  for  Megahsaunis  and 
Iguanodon.  To  this  group  Yon  Meyer  subsequenUy  applied  the 
name  of  Pachypodes  or  Pachypoda. 

Nine  years  afterwards  Professor  Owen,  in  his  "  Eeport  on  British 
Fossil  Reptilia/'  conferred  a  new  name  upon  the  group,  and  attempted 
to  give  it  a  closer  definition,  in  the  following  passages : — 

*'  Dinosaurians, — ^This  group,  which  includes  at  least  three  well- 
established  genera  of  Saurians,  is  characterized  by  a  large  sacrum  • 
composed  of  five  ankylosed  vertebrae  of  imusual  construction,  by 
the  height  and  breadth  and  outward  sculpturing  of  the  neural  arches 
of  the  dorsal  vertebrae,  by  the  twofold  articulation  of  the  ribs  to 
the  vertebrae,  viz.  at  the  anterior  part  of  the  spine  by  a  head  and 
tubercle,  and  along  the  rest  of  the  trunk  by  a  tubercle  attached  to 
the  transverse  process  only ;  by  broad  and  sometimee  complicated 
coracoids  and  long  and  slender  clavicles,  whereby  Crocodilian  cha- 
racters of  the  vertebral  column  are  combined  with  a  Lacertian  type 
of  the  pectoral  arch  ;  the  dental  organs  also  exhibit  the  same  trans- 
itional or  annectent  characters  in  a  greater  or  less  degree.  The 
bones  of  the  extremities  are  of  a  lai^  proportional  size  for  Sau- 
rians ;  they  are  provided  with  large  medullary  cavities  and  with 
well-developed  and  unusual  processes,  and  are  terminated  by  meta- 
carpal, metatarsal,  and  phalangeal  bones  which,  with  the  exception 
of  tke  ungual  phalanges,  more  or  less  resemble  those  of  the  heavy 
pachydermal  mammals,  and  attest,  with  the  hollow  long  bones,  the 
terrestrial  habits  of  the  species. 

''  The  combination  of  such  characters,  some,  as  the  sacral  ones, 
altogether  peculiar  among  reptiles,  others  borrowed,  as  it  were,  from 
groups  now  distinct  from  each  other,  and  also  manifested  by  crea- 

*  Von  M^er  refers  to  the  '  Isis  *  for  1830,  as  containing  the  first  sketch  of 
his  views.    1  have  not  verified  the  citation. 
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tores  far  stirpassiiig  in  size  the  largest  of  existing  reptiles,  will,  it 
is  presumed,  be  deemed  sufficient  ground  for  establishing  a  distinct 
tribe,  or  suborder,  of  Saurian  reptiles,  for  which  I  would  propose  the 
name  of  Dinogauria, 

''  Of  this  tribe  the  principal  and  best-established  genera  are  the 
Me^hioumSj  the  Hylctosaurvu,  and  the  I^anodon,  the  gigantic 
crocodile  lizards  of  the  dry  land,  the  peculiarities  of  the  ostcological 
stmctore  of  which  distinguish  them  as  clearly  from  the  modem  ter- 
restrial and  amphibious  /Sauria  as  the  opposite  modifications  for  an 
aquatic  life  characterise  the  extinct  Enaliomuria^  or  marine  lizards''  *. 

Further  on  it  is  stated  that  '*  the  Reptilian  type  of  structure  made 
the  Dearest  approach  to  mammals  "  in  the  Dinosauria  {I,  c.  p.  202). 

Every  eharacter  which  is  here  added  to  Von  MeyePs  diagnosis 
and  description  of  his  Pachypoda  has  failed  to  stand  the  test  of  cri- 
tical investigation ;  while  it  is  to  birds  and  not  to  mammals  that 
the  Dinosauria  approach  so  closely.  There  is,  in  fact,  not  a  single 
specially  mammaUjEm  feature  in  their  whole  organization. 

Even  in  point  of  etymological  appropriateness,  the  term  "  Dino- 
muria "  is  no  more  fitting  for  reptiles  of  which  some  are  smaU, 
than  •'  Paekypoda  "  is  for  reptiles  of  which  some  have  slender  feet ; 
but  as  Yon  Meyer's  name  has  never  obtained  much  currency,  it  may 
be  well  to  allow  justice  to  give  way  to  expediency,  and  to  retain  the 
name  of  Dinosauria  for  those  reptiles  which  agree  in  all  the  most 
important  and  characteristic  parts  of  their  structure  with  Mfgalo- 
saurus  and  Iguanodon. 

The  gronp  thus  limited  is  susceptible  of  very  clear  diagnosis  from 
all  other  reptiles,  inasmuch  as  its  members  present  the  following 
combination  of  characters : — 

1.  The  dorsal  vertebrae  have  amphicoelous  or  opisthococlous  cen- 
tra. They  are  provided  with  capitular  and  tubercular  transverse 
processes,  the  latter  being  much  the  longer. 

2.  The  number  of  the  vertebrae  which  enter  into  the  sacrum  does 
not  fall  below  two,  and  may  be  as  many  as  six. 

3.  The  chevron  bones  are  attached  intervertebrally,  and  their 
rami  are  united  at  their  vertebral  ends  by  a  bar  of  bone. 

4.  The  anterior  vertebral  ribs  have  distinct  capitula  and  tubercula. 

5.  The  skull  is  modelled  upon  the  Lacertilian,  not  on  the  Croco- 
dilian type.     There  is  a  bony  sclerotic  ring. 

6.  The  teeth  are  not  ankylosed  to  the  jaws,  and  may  be  lodged  in 
distinct  sockets.  They  appear  to  be  present  only  in  the  praBmaxilloB, 
maxillse,  and  dentary  portions  of  the  mandible. 

7.  The  scapula  is  vertically  elongated  ;  the  coracoid  is  short,  and 
has  a  rounded  and  undivided  margin.     There  is  no  clavicle. 

8.  The  crest  of  the  ilium  is  prolonged  both  in  front  of  and 
behind  the  acetabulum ;  and  the  part  which  roofs  over  the  latter 
cavity  forms  a  wide  arch,  the  inner  wall  of  the  acetabulum  having 
been  formed  by  membrane,  as  in  birds. 

9.  The  ischium  and  pubis  are  much  elongated. 

10.  The  femur  has  a  strong  inner  trochanter ;  and  there  is  a  crest 

»  Prof.  Owen's  "Eeport  on  British  Fossil  BeptUes,"  1841. 
VOL,  XXVI. — PART  I.  D 
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on  the  ventral  face  of  the  outer  condyle,  which  passes  between  the 
tibia  and  the  fibnla,  as  in  birds. 

11.  The  tibia  is  shorter  than  the  femur.  Its  proximal  end  is 
produced  anteriorly  into  a  strong  crest,  which  is  bent  outwardly,  or 
towards  the  fibular  side. 

12.  The  astragalus  is  like  that  of  a  bird ;  and  the  digits  of  the  pes 
are  terminated  by  strong  and  curved  ungual  phalanges. 

The  DinosauTta  about  which  we  have  sufficient  information  ap- 
pear to  me  to  fall  into  three  natural  groups — i.  the  Megalosau7rid<Xy 
ii.  the  Scdidosauridce,  and  iii.  the  Iffuanadontidce. 

i.  The  Megalosaurtdce. 

1.  The  maxillary  teeth  are  sharp-pointed,  and  the  crown  has  a 
longitudinal  serrated  ridge,  either  on  the  middle  of  its  posterior  face 
only,  or  on  the  middle  of  its  anterior  face  as  well,  llie  serrations 
of  the  ridge  are  directed  at  right  angles  to  the  long  axis  of  the 
tooth.     The  teeth  do  not  become  worn  by  mastication. 

2.  The  .anterior  prolongation  of  the  Uium  is  nearly  83  lai^ge  as^ 
or  lai^er  than,  the  posterior. 

3.  The  rami  of  the  mandible  are  deep  and  thick  and  meet  by 
rounded  ends  in  the  symphysis. 

4.  The  proximal  end  of  the  femur  is  flattened,  curved,  and  twisted 
in  such  a  manner  that  its  plane  is  oblique  to  that  of  a  flat  surface  on 
which  the  condyles  rest.  In  other  words,  it  is  more  or  less  crocodilian. 

5.  There  is  no  dermal  armour. 

Teratosaurtis,  Pcdoeosaurus,  Megalosaurus,  JPoikilopleurony  Lcdaps, 
and  probably  Euskehsaurus  belong  to  this  group. 

ii.  The  Scelidosauridce. 

1.  The  maxillary  and  mandibular  teeth  have  sharp-edged  trian- 
gular crowns,  with  serrated  margins,  the  serrations  being  oblique  to, 
or  parallel  with,  the  long  axis  of  the  tooth.  The  teeth  are  not  worn 
down  by  mastication. 

2.  The  anterior  prolongation  of  the  ilium  is  more  slender  than 
the  posterior. 

3.  The  rami  of  the  mandible  are  slender,  and  taper  to  their  sym- 
physis. 

4.  The  proximal  end  of  the  femur  has  a  subglobular  articular 
head,  borne  by  a  neck  which  is  set  nearly  at  right  angles  to  the  axis 
of  the  shaft,  while  its  direction  is  nearly  parallel  with  a  flat  surface 
on  which  the  condyles  rest. 

5.  The  integument  is  (usually)  provided  with  a  dermal  armour 
in  the  form  of  bony  scales  or  spines. 

Thecodontosaurus,  Hyl(X08awru$,  Polacanthtis  (?),  and  Acan&wpholis 
belong  to  this  division. 

iii.  The  Iguanodontidce. 
1.  The  maxillary  and  mandibular  teeth  have  obtuse  subtriaugu- 
lar  crowns ;  the  surface  of  the  enamel  being  ridged  on  one  or  both 
sides.    The  crowns  of  the  teeth  are  worn  down  flat  by  mastication. 
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2.  The  anterior  prolongation  of  the  ilinm  is  more  alender  than 
tiie  posterior. 

3.  The  rami  of  the  mandible  unite  in  an  excavated  edentolons 
symphysis,  which  receives  an  edentulous  prolongation  of  the  pre- 
maziUse. 

4.  The  proximal  end  of  the  femur  is  as  in  the  Scdidosauridas. 

5.  There  is  no  dermal  armour. 

Cetiosaurus*,  Iguanodcn,  HypsUophodoHy  ffadrosaurui,  and  pro- 
bably Sienopelyxf  belong  to  this  division. 

These  three  groups  appear  to  me  to  be  very  well  marked ;  but  I 
do  not  propose  them  with  the  intention  of  suggesting  that  there 
are  no  others,  or  that  the  progress  of  discovery  will  leave  them 
thus  well  defined. 

The  very  remarkable  reptile,  Camptognaihus  hngipes^  has  many 
affinities  with  the  Megalosavrida,  ScelidosauridcB^  and  IgMono- 
dantid^Ff  but  it  presents,  at  the  same  time,  so  many  differences 
from  all  these,  and  so  much  of  its  structure  is  left  imrevealed  by 
the  solitary  specimen  which  exists,  that  perhaps  the  most  conve- 
nient course  which  can  be  adopted,  at  present,  is  to  make  it  the  le- 
presentative  of  a  group  equivalent  to  them.  Campsognatkus  differs 
from  all  the  preceding  forms  in  the  length  of  the  cervical  relatively 
to  the  thoracic  vertebrae,  and  in  the  femur  being  considerably 
shorter  than  the  tibial- 

2.  Establishment  of  the  Order  Obitithoscbijda  to  indude  ike  Dino- 
sauria  and  the  Compsognatha. 
But  Chmpsognathns  agrees  with  the  Megalosaurida,  Seelidoeau' 
ridce,  and  Iguanodontidcs  in  the  ornithic  modification  of  the  Saurian 
tjrpe,  which  is  especially  expressed  in  the  hind  limbs ;  and  I  there- 
fore propose  to  unite  it  with  them  in  one  group,  which  I  shall  term 
OsHiTHOSCELioA.    This  group  will  contain  two  primary  subdivisi«ns : 

*  I  aasifn  fhis  place  to  Cetiotaurus  on  the  evidence  of  the  splendid  series  of 
icmaina  of  this  reptile  which  Prof.  Phillips  showed  me  in  the  Oxfoid  Museum. 

t  Yon  Meyer  has  described  a  reptile  from  the  German  Wealden,  in  the  '  Pa- 
hcontographica'  for  1859,  under  the  name  of  Stenopelyx  ValdensU.  Only  the 
pelris,  a  few  Teriehrae,  and  the  left  hind  limh  of  this  very  interesting  genus  are 
preserred ;  but  they  suffice  to  prove  it  to  be  a  Dinoeaurian.  There  are  four  digits 
in  the  loot,  the  fifth  being  absent,  while  the  hallux  is  smaller  than  the  others. 
The  fibula  is  slender ;  the  tibia  stout  and  apparently  as  lon^  as  the  femur,  the 
bead  of  which  is  at  right  angles  with  the  shaft.  The  ischia  are  in  place  and 
longer  than  the  femur ;  they  are  stouter  in  proportion  than  in  Iguanodon  or 
-  Hypnlophodon,  and  quite  differently  formed.  What  Yon  Meyer  regards  as  the 
pubes  are;  if  I  mistake  not,  the  anterior  prolongations  of  the  ilia. 

From  the  absence  of  any  dermal  armour,  one  would  be  disposed  to  arrange 
Btmopelyx  among  the  Jguanodantida;  but  many  of  its  characters  are  very 
peculiar. 

{  Professor  Cope  has  distinffuished  Cotn^^aognathus  as  the  type  of  a  dirision, 
Omithopoda,  from  the  rest  of  the  Dinosauna,  which  ho  turms  Gontopoda.  The 
Omithopoda  have  the  astragalus  ankylosed,  while  in  the  Gontopoda  it  is  free. 
But  there  is  much  reason  to  beliere  that  the  astragalus  became  ankylosed  in 
some  of  the  "  Goniopoda  ;**  and  it  eeems  to  me  precisely  by  the  structure  of  the 
loot  that  Compeognathus  is  united  with,  instead  of  bemg  separated  from,  the 
OmHhotoelida. 
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— ^I.  The  Dinosauria,  with  the  cemcal  vertebrae  relatiyely  short,  and 
the  femur  as  long  as,  or  longer  than  the  tibia.  II.  The  (7o9n/»#o- 
gtuiiha,  with  the  cervical  vertebrffl  relatively  long,  and  the  femur 
shorter  than  the  tibia. 

3.  The  affinities  of  the  Ornithoscelida  with  other  Beptites. 

If  we  consider  the  relations  of  the  Omithosauria  to  other  rep- 
tiles, it  is  at  once  obvious  that  they  belong  to  that  great  division  of 
the  class  in  which  the  thoracic  vertebrse  have  distinct  capitular  and 
tubercular  processes,  the  latter  being  longer  than  the  former,  and 
springing  from  the  arch  of  the  vertebrae,  as  in  the  crocodiles.  These 
reptiles  may  be  termed  Suchospondylia^  to  distinguish  them  from 
another  great  group,  in  which  the  thoracic  vertebrae  have  the  capi- 
tular, and  tubercular  processes  fused  together  into  one  process  or 
facet,  and  which  may  be  termed  the  Erpetospondylia, — from  a  third, 
in  which  the  capitular  and  tubercular  processes  are  both  mere  tuber- 
cles springing  from  the  centrum  of  the  thoracic  vertebrae,  Perospon- 
dylia, — and  from  a  fourth,  Pleurospondylia,  in  which  the  thoracic 
vertebrae  have  neither  capitular  nor  tubercular  transverse  processes, 
but  the  ribs  are  sessile  upon,  and  fixed  to,  the  vertebrae. 

The  last-named  group  consists  of  the  Chdonia ;  the  Perospondylia 
contain  only  the  Ichthyosauria ;  the  ErpetospondyUa  comprise  the 
Ophidia,  Lacertilia,  and  Plesiosauria ;  while  the  Suchospondylia 
embrace  the  Crocodilia,  the  Dicynodontia,  the  Pterosauria,  and  the 
Ornithoscelida. 

The  closest  relations  of  the  Ornithoscelida  within  this  group  are 
with  the  Bicynodontia  on  the  one  hand,  and  the  Crocodilia  on  the 
other.  The  sacrum  and  the  iHac  bones  of  the  Dicynodants  more 
closely  resemble  the  corresponding  parts  of  the  OmithosceUda  than 
they  do  those  of  any  other  Reptilia,  except  the  Pterqsauria* ;  and 
there  are  a  good  many  points  of  resemblance  in  the  skiill  and  denti- 
tion. Our  knowledge  of  Bhopalodon  and  of  Oalesaurus  is  hardly 
sufficient  to  afifbrd  grounds  for  a  safe  opinion ;  but  it  seems  probable 
that  they  will  turn  out  to  be  annectent  forms  between  the  Dicyno- 
dontia  and  the  Ornithoscelida, 

The  connexion  of  the  Crocodilia  with  the  Ornithoscelida  is  proba- 
bly to  be  sought  in  some  common  form,  more  Laoertilian  in  its  cha- 
racter than  any  of  the  known  members  of  either  of  these  groups. 
The  oldest  known  Crocodilians,  Belodon  and  its  congeners,  exhibit 
modifications  which  approximate  them  rather  to  the  Lacertilia  than 
to  the  Ornithoscelida, 

If  we  seek  for  reptilian  allies  of  the  Ornithoscelida  in  formations 
of  older  date  than  the  Trias,  the  Permian  forms  alone  present  them- 
selves. Our  knowledge  of  these  is  almost  entirely  due  to  the  re- 
searches of  Yon  Meyer,  the  results  of  whose  investigations  have 
hardly  received  the  att^tion  they  deserve.  They  prove  the  exist- 
ence of  two  very  distinct  reptilian  genera,  Prot^rosaurusf  and  Para^ 

*  The  complete  oocluBion  of  the  obturator  foramen  by  bone  occurs  in  both  the 
Dicynodotiiia  and  the  PterosauriOf  and  in  these  alone  among  Beptiles. 

t  The  generic  distinctness  of  Aphelosaurus  of  Qeryais  appears  to  me  to  be 
doubtftd. 
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mwntt^  in  the  Xapferschiefer,  and  two  othen,  Phanerosaums  and 
SfhencaauruSj  different  from  them  and  from  one  another,  in  the 
Eotbliegende,  in  which  formation  also  a  peculiar  Lahjrinthodonty 
(kteophorus,  oocors. 

Praterotaurus  appears  to  me  to  be  a  true  Lacertilian.  At  least, 
neither  in  Von  Meyer's  figures  and  descriptions,  nor  in  the  one  clas- 
sical specimen  which  exists  in  this  country  can  I  find  eyidence  of 
any  essential  departure  from  the  old  Lacertilian  plan  of  structure, 
such  as  is  exhibited  by  Hyperadapedcn  or  Telerpeton — though  it 
must  be  confessed  that  the  long  neck,  light  head,  and  short  fore- 
limbs,  to  say  nothing  of  the  opisthotonic  death-spasm  which  has 
left  the  fossils  in  their  present  position,  remind  one  curiously  of 
Compsoffnathus, 

Parasaurtis  has  four  ankylosed  sacral  yertebrse,  with  great  sacral 
ribs;  and  perhaps  the  two  vertebra  which  succeed  these  must  be 
counted  as  sacral.  It  would  appear  from  the  figures,  that  the  ante- 
rior ribs  may  have  been,  and  probably  were,  divided  into  a  distinct 
capitulnm  and  a  tuberculum.  From  the  position  of  the  undisturbed 
femora  in  one  specimen,  it  cannot  be  doubted  that  the  ilia  must  have 
extended  a  long  way  in  front  of  the  acetabulum.  The  length  of  the 
short  and  stout  femur  does  not  exceed  that  of  four  conjoined  ver- 
tebra) ;  and  there  is  some  reason  to  think  that  the  bones  of  the  1^ 
were  considerably  longer  than  the  femur. 

Parasaunts  therefore  belongs  to  a  totally  difierent  group  of  rep- 
tiles from  Proierosaurus,  and  I  can  compare  it  with  nothing  but  the 
Omithoscelida  and  the  Dieynodontia. 

The  structure  of  both  Proterogaurus  and  Parasawus  leads  to  the 
belief  that  they  were  terrestrial  reptiles  ;  and  their  occurrence  in  the 
Xupferschiefer  is  no  bar  to  this  conclusion,  as  land-plants  abound  in 
that  rock. 

The  Pkanerosaurus  of  the  Eiothliegende  is  based  upon  a  series  of 
half-a-dozen  vertebr8B,the  characters  of  which  are  altogether  peculiar. 

SphenosauruSy  on  the  other  hand,  seems  to  me  to  be  a  Lacerti- 
lian, though  of  a  very  different  character  from  Proterosaurus, 

On  the  whole,  I  am  disposed  to  think  that  Parasaurus  is  related 
on  the  one  hand  to  the  Orntthoscelida  and  the  Dicynodontia,  and  on 
the  other  to  some  much  older  and  less  specialized  reptilian  form.  I 
can  by  no  means  bring  myself  to  believe  that  the  Reptilia  com- 
menced their  existence  in  the  Permian  epoch  with  such  specialized 
characters  as  are  observable  in  the  four  known  genera  of  that  age. 

4.  TJie  affinities  of  the  Obnithoscelida  tinth  Birds. 

I  have  treated  of  the  relations  of  the  Omithoscelida  with  birds 
at  length  in  a  former^  paper,  and  I  will  merely  repeat  here  that 
I  know  of  no  circumstance  by  which  the  structure  of  birds,  as  a 
dass,  differs  from  that  of  reptiles,  which  is  not  foreshadowed  in  the 
Omithoscelida.  Nor  am  I  acquainted  with  any  reptiles  which  can  be 
compared  in  the  strength  and  minuteness  of  their  ornithic  affinities 
with  the  Omithoscelida. 

It  may  be  said  that  the  form  and  mode  of  connexion  of  the  sea- 


Digitized  by 


Google 


98  FBooEBDiires  OF  TBDB  oBOLoeicAi.  sodETr.         [Nov.  24, 

pula  and  the  ooracoid^  and  the  crested  and  broad  sternum,  of  the 
FUrosauria  are  marks  of  affinity  with  birds,  as  strong  as  those 
which  the  hind  limb  and  pelvis  present  in  the  Omiihoscdida.  Bat  I 
think  this  argumentation  is  invalid ;  for  the  shoulder-girdle  of  an 
ostrich  or  of  an  apteryx  is  more  similar  to  that  of  an  Omithosoelidan 
than  it  is  to  that  of  a  Pterodactyle,  these  spedal  peculiarities  of  the 
dioulder-girdle,  like  the  crest  of  the  sternum,  having  relation  to 
physiological  action,  and  not  to  affinity.  If  the  strongly  crested 
sternum  and  the  acute  angulation  of  the  union  of  the  scapula  and 
ooracoid  were  marks  of  ornithic  affinity,  they  would  be  found  in  all 
birds.  The  contrary  is  true :  they  are  found  only  in  those  birds 
which  fly  ;  and  the  crest  exists  in  bats,  which  cannot  be  said  to  have 
any  affinity  with  birds. 

On  the  other  hand,  the  peculiarities  of  the  hind  limb  and  pelvis 
which  the  Omithoscelida  share  with  birds  are  found  in  all  birds. 
It  may  be  said  that  all  birds  stand  upon  their  hinder  feet,  and  that, 
as  the  Omi&ioBcelida  did  the  same,  the  resemblance  of  structure 
arises  from  a  resemblance  of  function.  But  I  doubt  if  the  majority 
of  the  Dinosauria  stood  more  habitually  upon  their  hind  limbs  than 
Kangaroos  or  Jerboas  do ;  and  unless  there  was  some  genetic  con- 
nexion between  the  two,  I  see  no  reason  why  the  hind  limbs  of 
Omithoscelida  should  resemble  those  of  birds  more  than  they  resem- 
ble those  of  kangaroos. 

Finally,  with  regard  to  the  sternum,  although  there  is  no  like- 
lihood that  the  Omiihoscdida  possessed  a  crested  sternum,  yet  there 
is  some  evidence  that  they  were  provided  with  a  very  broad  and  ex- 
panded breast-bone,  more  like  that  of  a  bird  than  it  is  like  that  of 
any  reptile.  I  shall  discuss  this  evidence  below,  in  speaking  of 
the  Dinosaurian  remains  discovered  by  Plieninger  in  the  Trias  near 
Stuttgart. 

n.  The  Dinosaubia  op  the  Trias. 

COHTEWTS. 

1.  Dinosauria  from  the  Trias  of  Central  Europe. 

2.  Dinosauria  from  the  Trias  of  Britain. 

3.  Dinosauria  from  the  Trias  of  the  Ural  Mountains  and  India. 

4.  Dinosauria  from  the  Trias  of  North  America. 

5.  The  Arctogseal  province  constituted  in  Triassic  Times. 

1.  jyjso^AJjBXL  from  the  Trias  of  Germany  and  Central  Europe, 

The  i5rst  recognition  of  the  occurrence  in  the  Trias  of  Dinosaurian 
remains  as  such,  with  which  I  am  acquainted,  is  contained  in  the 
following  extract  from  a  letter,  addressed  by  H.  von  Meyer  to 
Bronn,  and  published  in  the  '  Jahrbuch '  for  1857. 

"  Dr.  Engelhardt,  of  Nuremberg,  brought  to  the  meeting  of  Na- 
turalists in  Stuttgart  some  bones  of  a  gigantic  animal  from  a  brec- 
ciated  sandstone  of  the  Upper  Keuper  of  his  neighbourhood.  He 
had  the  kindness  to  submit  to  me  all  the  bones  which  had  been 
obtained.  I  have  already  examined  them,  and  have  drawn  the  best, 
which  consisted  of  almost  entire  limb-bones  and  of  vertebrae. 

"  The  discovery  is  extremely  interesting.     The  bones  belong  to  a 
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gigaatic  Saorian,  which,  in  Tirtae  of  the  mass  and  hollowness  of 
its  limb-bonee,  is  allied  to  Iguanodon  and  to  Meffcdosaurus,  and  wi]l 
belong  to  the  second  division  of  my  Saurian  system.  None  of  its 
allies  has  hitherto  been  found  so  deep  in  the  European  continent, 
nor  from  rocks  oi  so  great  age.  These  remains  belong  to  a  new 
genus,  which  I  term  PlaUosaurus ;  the  species  is  PL  Engelhardtiu 
I  shaU  hereafter  publish  a  full  account  of  the  fossils.*' 

The  fuller  account  which  Von  Meyer  promises  is  contained  in 
that  splendid  monument  of  palfieontological  genius  and  industry,  the 
*  Saurier  des  Muschelkalkes,'  which  came  out  between  1847  and 
1855.  The  remains  enumerated  consist  of  a  few  imperfect  frag- 
ments of  a  cranium  without  jaws  or  teeth,  six  more  or  less  frag^ 
mentary  separate  vertebrae,  an  imperfect  sacrum  (consisting  of,  at 
fewest,  three  ankylosed  vertebree),  fragments  of  ribs,  and  several  limb- 
bones.  The  centra  of  the  vertebras  are  nearly  four  inches  long,  and 
the  most  perfect  Hmb-bone  is  about  sixteen  inches  long. 

This  bone  is  represented  in  tab.  69.  figs.  1>3  of  the  work  cited. 
Yon  Meyer  appears  to  be  inclined  to  consider  it  a  tibia,  comparing 
the  smsJler  end  of  the  bone  to  the  distal  end  of  the  tibia  of  Poi^ 
kilopleuron;  and  the  figures  support  the  determination.  The  other 
figures  on  the  same  plate  (4,  5)  represent  the  distal  end  of  a  femur, 
the  posterior  face  of  the  outer  condyle  of  which  exhibits  the  remains 
of  the  ridge  which  plays  between  the  tibia  and  the  fibula,  and  is  so 
eharacteristic  of  the  Dtnosauria  among  reptiles. 

In  the  summary  of  results  at  the  end  of  the  '  Saurier  des  Muschel- 
kalkes,' the  following  paragraph  occurs  (p.  162)  : — 

*'  As  to  the  family  of  the  Paekypoda,  with  their  colossal  massive 
forms,  it  is  certain  that  it  is  to  be  met  with  in  the  Upper  Keuper, 
where  it  is  represented  by  the  two  genera  Behdon  and  Plateosau" 
ru8,  each  having  one  species,  B.  Plieningeri  and  P.  Engelhardtii, 
These  are  different  from  the  Pachypoda  of  the  Oolite  and  the  Chalk." 

And  further  on,  at  p.  163 : — 

*^  Concerning  the  other  Saurians,  with  flat,  cutting  teeth,  which 
are  comprehended  under  Cladyodon,  Thecodantosaurus,  Palceotaunu, 
and  Zanchd<m;  it  has  not  yet  been  made  out  to  what  family  they 
bdong,  nor  whether  they  are  allied  to  the  Pdchifpoda  or  not.  They 
appear  in  rocks  which  occupy  the  horizon  of  the  lower  'Grenzbreccia,' 
and  therefore  appear  to  represent  a  Muschelkalk  which  is  passing 
into  the  '  Letteidcohl ;'  they  occur  besides  in  the  actual  LettenkoM 
and  in  the  Keuper.  The  North- American  genera  Clepsysaurus  and 
Batkygnathug  appear  to  be  allied  forms.'' 

It  will  be  observed  that  Yon  Meyer  here  reckons  Belodon  among 
the  Pachypoda,  The  study  of  the  more  complete  remains  of  Belodon^ 
deeeribed  in  the  'Reptilien  aus  dem  Stubensandstein  des  oberen 
Eeupers '  (PalsBontographica,  Bd.  vii.  1861),  however,  led  to  a  differ- 
ent conclusion,  which  is  thus  expressed  (I,  c,  p.  346) : — "  Hence 
Belodon  was  no  Pachypode ;  if  Plieninger  has  declared  it  to  be  such, 
it  is  because  he  has  mixed  up  the  remains  of  two  totally  different 
animals.     Belodon  was  plainly  more  of  a  crocodile  than  of  a  lizard." 

The  researches  of  Prof.  Plieninger  referred  to  by  Yon  Meyer  are 
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detailed  in  the  memoir  entitled  "  Bdodon  liieningtri  (H.  v.  Meyer), 
ein  Saurier  der  Keuperformation/'  T^hich  tpeb  published  in  the 
Beventh  annual  issue  of  the  '  Jahreshefte  des  Yereins  fiir  yaterlan- 
dische  Naturkunde  in  Wiirttemberg,'  and  was  published  in  1857. 
This  valuable  memoir  contains  a  description,  accompanied  by  num^ 
rous  figures,  of  all  that  could  be  found  of  two  skeletons  of  reptiles  of 
great  size,  which  were  discovered  near  Stuttgart,  in  the  "  red  Eeuper 
marl "  which  forms  the  uppermost  part  of  the  Trias  in  that  region. 
One  of  these  skeletons  was  discovered  by  Herr  Reiniger,  the  other 
by  Prof.  Flieninger  himself.  Both  were  in  a  much  shattered  condi- 
tion, and  were  devoid  of  the  skull.  The  remains  of  the  first  skeleton, 
which  I  shall  call  A,  comprised,  according  to  Prof.  Flieninger,  aixty, 
more  or  less  complete,  successive  vertebrsB,  the  pelvis,  the  hind  legs 
down  to  the  phalanges,  the  humeri,  a  great  number  of  fragments 
of  ribs,  the  sternum,  and  thirteen  isolated  crowns  of  teeth,  some 
entire  digits,  and  separate  phalanges.  Of  these,  Flieninger  figures 
what  he  describes  as  the  best-preserved  teeth  and  digital  bones — 
the  right  and  left  humeri,  with  attached  fragments  of  the  ulna  and 
radius  and  of  the  shoulder-girdle,  the  loft  femur,  the  left  tibia, 
with  attached  fragments  of  the  fibula  and  the  right  tibia,  and  a 
massive  bone,  the  nature  of  which  is  doubtful. 

The  remains  of  the  second  skeleton  (B)  include  what  Prof,  Flie- 
ninger determines  as : — the  entire  pelvis,  the  ilia  being  separated 
from  the  sacrum,  which  consists  of  three  bones,  two  only  of  which 
arc  ankylosed ;  a  femur ;  an  ischium  ;  a  few  bones  of  the  feet ;  the 
two  Bcapuloe ;  one  perfect  humerus,  and  the  other  pathologically 
deformed ;  together  with  the  eight  vertebra)  which  preceded  the 
sacrum,  with  all  their  processes  entire,  and  in  their  natural  relations 
to  one  another  and  the  sacrum. 

All  these  remains  were  found  together.  At  four  feet  distance  on 
the  same  level,  and  continuing  the  direction  of  the  vertebral  column, 
was  a  second  series  of  seven  vertebne,  ^ye  and  two  of  them  being 
respectively  associated  together.  No  remains  of  any  other  animal, 
or  any  other  individual,  were  found  along  with  these  two  skeletons, 
which  clearly  appertain  to  the  same  species.  The  evidence  which 
they  afford  as  to  the  nature  of  the  reptiles  to  which  they  belonged,  . 
is  therefore  of  very  great  value.  This  evidence  has  already  been 
discussed  by  Von  Meyer  (Z.  c.  p.  268),  who  concludes  that  the  skele- 
tons are  not  referable  to  Belodon,  and  judges,  from  <*  a  certain  resem- 
blance to  the  corresponding  parts  of  Megahsaurus  BucJelandi^^  that 
they  might  have  belonged  to  a  Pachypode,  and  possibly  to  Teratcsaurus, 
a  reptile  from  the  same  locality  and  bed,  the  jaw  of  which  he  describes. 

In  this  view  I  entirely  concur.  In  fact,  Plieningcr's  figures, 
(which  do  not  quite  deserve  the  reproaches  with  which  Yon  Meyer 
visits  them)  prove  that  the  skeletons  A  &  B  belong  to  Dinosavna. 
But  they  also  seem  to  me  to  show  that  one  or  two  of  Phcninger's 
determinations  are  erroneous.  Thus,  the  two  vertebrsB  of  B,  repre- 
sented in  tab.  xii.  Gg.  14,  are  certainly  cervical.  The  bone  called 
*<  ischium  "  (tab.  xii.  fig.  5)  is  the  united  scapula  and  coracoid,  hav- 
ing a  characteristically  DinoEaurian  form.     On  the  other  hand,  the 
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so-ealled  "  scapiila  "  (tab.  z.  fig.  7)  looks  to  me  very  much  like  the 
ischium ;  but  the  figure  is  not  of  such  a  character  as  to  allow  me  to 
speak  with  canfidence  on  this  point.  Patting  the  information  yielded 
by  tiiese  two  skeletons  together,  it  proves  the  existence  in  the  Upper 
Trias  of  Stuttgart  of  a  Dinosaurian  of  great  size. 

The  sixty  vertebrse  which  lie  in  unintermpted  series  in  the  ^>eci- 
men  A,  occupy  a  length  of  seyenteen  Wurttemberg  feet.  Thirty- 
seven  of  these  yertebne  form  a  tail  eight  feet  long.  Two  (more 
probably  three)  vertebrse  in  the  sacrum  take  up  a  foot,  while  the 
twenty*one  preesacral  yertebrsB  form  a  series  7  feet  long.  The  cen- 
trum of  the  last  caudal  vertebra  is  1*5  in.  long,  and  rather  less  than 
1  in.  in  vertical  height  of  the  articular  surface  ;  and  the  tail  is  not 
complete.  The  middle  caudal  vertebrse  have  centra  2*5  in.  long,  with 
a  height  of  1-25  in.  Further  towards  the  sacrum  the  centra  are  4 
inches  hi§^  and  3  inches  long.  The  hindermost  of  the  prsesacral  ver- 
tebise  have  the  articular  surface  of  the  centra  6  inches  wide,  and  are 
from  5  to  6  in.  long.  They  diminish  in  size  forwards ;  and  the  five 
most  anterior,  whidi  togeUier  occupy  2  feet,  have  about  the  dimen- 
sions of  the  middle  caudal  vertebrae.  The  centra  are  all  constricted 
in  the  middle  of  their  length,  and  have  slightly  concave  articidar 
surfaces.  The  articular  faces  of  the  centra  are  almost  circular  in 
contour.  The  spinous  process  is  flat,  quadrangular,  3*4  in.  high, 
4-5  in.  long.  It  follows  from  this  account  that  the  two  cervical  ver- 
tebrse  of  the  specimen  B,  which  are  opisthocoelous,  must  have  had 
their  place  in  front  of  the  twenty-one  prsBsacral  vertebne  shown  to 
exist  by  A ;  and  as  neither  of  these  is  axis  or  atlas,  there  must  have 
been,  at  fewest,  twenty-five  prsesacral  vertebree,  which  is  one  more 
than  exists  in  a  crocodUe.  But  as  the  tubercular  transverse  processes 
of  the  cervical  vertebne  in  question  arise  low  down  in  their  arches, 
and  the  capitular  processes  lie  below  the  middle  of  the  centrum,  they 
may  well  be  anterior  cervicals.  The  characters  of  the  dorsal  verte- 
bne, as  shown  by  the  two  consecutive  series  of  five  and  eight  re- 
spectively in  B,  are  very  singular,  and  in  some  respects  anomalous. 

The  sacrum  is  unlike  that  of  other  Dmosauria,  in  possessing  only 
two  completely  ankylosed  vertebrae.  On  the  other  hand,  the  expan- 
rion  and  coalescence  of  the  sacral  ribs  at  their  extremities  is  charac- 
teristically Dinosaurian.  No  chevron  bones  are  described  or  figured. 

One  of  the  most  remarkable  portions  of  the  skeleton  A  is  an  oblong 
plate  of  bone,  nearly  two  feet  long,  and  having  apparently  half  that 
width,  witb  edges  which  vary  from  one  to  three  inches  in  thickness. 
The  anterior  external  angles  are  prolonged  into  stout  processes, 
whicb  are  directed  upwards  and  inwards  and  are  somewhat  re- 
curved. Professor  Flieninger  considers  this  bone  to  be  the  sternum  ; 
and  I  see  no  reason  for  dissenting  from  his  interpretation.  A  Bhea 
of  the  same  size  as  the  triassic  Dinosaurian  would  present  a  sternum 
of  very  similar  proportions,  especially  as  regards  the  antero-lateral 
OTpUurosteal  proc^ses. 

The  scapula  of  B  has  a  length  of  21  inches.  It  is  long  and  nar- 
row. The  coracoid  is  short  and  rounded,  as  in  other  Dinosauria, 
The  humerus  of  A  is  rather  more  than  17  inches  long ;  but  that  of  B 
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must  have  been  20  in.  long,  if  the  drawing  is  correct  Probably 
tiierefore  B  was  a  larger  animal,  and  the  length  of  the  shoulder^ 
bones  of  A  must  be  proportionally  reduced.  The  femur  of  A  is 
27||  in.  long;  the  tibia  about  20  in.  long.  The  ilium  of  B  seems  to 
have  been  not  less  than  16  in.  long. 

In  the  Maidstone  IgtuiTiodon,  the  scapula  is  29  in.,  the  humerus 
is  19  ins.,  the  femur  33  in.,  the  tibia  31  in.,  the  ilium  30  in.  long; 
so  that  the  hind  limbs  were  much  longer  in  proportion  to  the  fore 
limbs,  the  tibia  in  proportion  to  the  femur,  and  the  scapula  in  pro- 
portion to  the  humerus  than  in  the  Stuttgart  Dinosaurian.  The 
hinder  dorsal  yertebrse  have  centra  rather  less  than  4  in.  long,  and 
fully  4  in.  high,  whence  Iguanodan  would  seem  to  have  possessed  a 
shorter  trunk  in  relation  to  its  limbs. 

The  associated  remains  of  a  Megalosaurus  which  Mr.  James  Parker, 
of  Oxford,  was  good  enough  to  show  me  some  time  ago  has  ilia  which 
are  26  inches  long,  femora  32  inches ;  and  the  tibias  could  not  have 
been  much  shorter  than  the  femora.  Scelidosaums  has  the  ilium 
16  inches  long,  the  femur  16-17  inches,  the  tibia  13  inches,  the 
scapula  13  inches,  the  humerus  11*25  inches.  The  length  of  a  dor- 
sal vertebra  is  2^2^  inches.  Thus,  in  the  proportions  of  the  tibia 
to  the  femur  and  of  the  humerus  to  the  femur,  the  Triassic  reptile 
comes  nearer  to  the  liassic  SceUdosaurus  than  any  other  Dino- 
saurian ;  but  the  limbs  are  shorter  in  proportion  to  the  vertebrae 
than  they  are  even  in  Scdidosaurus. 

.  The  facts  now  detailed  show  that,  as  I  have  already  hinted,  for 
the  last  ten  years  ample  evidence  of  the  existence  of  at  least  two 
genera  of  Dinosauria  in  the  German  Trias  has  been  in  existence. 

But  in  1861  Yon  Meyer  described  and  founded  the  genus  TeraiO" 
9aurus  upon  a  left  maxilla  with  teeth,  which  he  declared  to  be  distinct 
from  Belodon,  and  to  have,  in  all  probability,  belonged  to  Plieninger's 
Pachypode.  This  sagacious  suggestion  receives  the  strongest  sup- 
port from  the  subsequent  discovery  of  the  maxilla  of  Megalosaums*, 
which  is  extremely  similar  to  that  of  TeratosaunM  in  all  its  impor- 
tant features,  though,  in  some  minor  details,  the  two  are  sufficiently 
different  to  enable  them  to  be  clearly  distinguished.  Hence  I  think 
that,  until  evidence  to  the  contrary  appear,  it  will  be  well  to  adopt 
Von  Meyer^s  suggestion,  and  speak  of  the  skeletons  as  well  as  the  jaw 
under  the  name  of  Teratosanrtis. 

In  the  course  of  his  memoir  (p.  415)  Prof.  Flieninger  refers  to 
the  discovery  of  the  remains  of  a  large  reptile  in  the  Upper  Keuper 
near  Basle  by  Prof.  Oressly,  and  states  that  he  has  reason  for  identi- 
fying it  with  his  Belodon  (i.  e.  Teratosaurus). 

2.  DiNOSArrKiA  from  the  Trias  of  Britain. 
I  had  got  thus  far  in  accumulating  evidence  of  the  existence  of 
Dinosauria  in  the  Thas  of  Europe,  when,  looking  through  the 
memoir  by  Riley  and  Stutchbury  on  the  Saurian  remains  from  the 
Bristol  conglomerate,  I  was  struck  by  the  resemblance  which  some 
of  the  bones  they  figure  present  to  those  of  Dinosauria,  Most 
*  See  Quarts  Journ.  GeoL  Soo.  yoL  xzy.  p.  311. 
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especially  was  this  resemblance  apparent  in  the  so-called  <'  coraooid '' 
(fig.  11),  which  seemed  obviously  to  be  a  Dinosaorian  ihum — ^and 
in  the  femur,  the  likeness  of  which  to  that  of  Megahsaurus  is  noticed 
by  the  able  authors  of  the  memoir  themselves,  and  it  bas  been  sub- 
sequently referred  to  by  Professor  Owen  (Pakeontology,  2nd  ed, 
p.  278)  as  <'  a  Dinosantian  femur."  It  seemed  to  be  hi§^y  desirable 
that  these  fossils  should  be  examined  anew ;  and  in  consequence  of 
a  communication  to  Mr.  Saunders,  they  were  placed  at  my  disposal 
in  the  most  obliging  and  liberal  manner.  On  visiting  the  Bristol 
Museum,  more  than  a  hundred  different  specimens  were  spread 
before  me,  and  I  was  able  to  select  from  among  them  illustrations 
of  the  structure  of  the  skeleton  of  almost  every  part  of  the  body  of 
ttie  *'  Thecodontosauria,*'  and  to  obtain  proof  that  these  singular 
reptiles  were  in  all  respects  Dinosauria. 

I  hope  to  publish  an  account  of  these  remains,  with  full  details  and 
illustrations,  in  the  Memoirs  of  the  Survey.  For  the  present  I  cou- 
fine  myself  to  the  bones  which,  taken  together  with  those  already  de- 
scribed, demonstrate  the  Dinosaurian  affinities  of  the  Thecodonts, 
and  determine  the  relations  of  the  latter  with  other  Dvnosauria. 

In  their  well-known  memoir*,  Messrs.  Riley  and  Stutchbury 
founded  the  genus  Thecodontosaurus  upon  an  imperfect  mandible, 
containing  twenty-one  teeth  (which  was  apparently  the  total  original 
number)  in  a  series.  These  teeth,  they  say,  are  acutely  pointed  and 
flattened,  and  the  anterior  edge  is  curved  backwards  and  serrated  ; 
the  posterior  edge  is  also  slightly  curved  and  strongly  serrated,  the 
serratures  being  directed  towards  the  apex  of  the  tooth.  The  middle 
teeth  are  the  largest ;  and  all  the  teeth  possess  a  conical  pulp- cavity 
(PL  111.  figs.  1  &  2).  To  a  single  specimen  of  a  broadly  lanceolate 
tooth,  with  serrations  at  right  angles  to  the  axis,  they  attach  the 
name  of  FalcBOtaurus  platyodon.  Another  solitary  tooth  of  more 
elongated  conical  form  they  term  Palcdosaurus  eylindrodan.  The 
description  of  the  teeth  of  Thecodontosaurus  is  perfectly  accurate ; 
but  I  can  see  no  important  difference,  in  the  direction  of  the  serra- 
tions or  otherwise,  between  these  and  the  tooth  called  Palaosaurus 
plaiifodan,  which,  I  suspect,  may  belong  simply  to  a  larger  Theco^ 
doiUosawna. 

In  the  tooth  termed  PdUeosaums  cylindrodon,  on  the  other  hand, 
the  direction  of  the  serrations  is  really  at  right  angles  to  the  axis  of 
the  tooth  ;  and  in  its  form,  also,  the  tooth  more  resembles  that  of 
Megalosaurus,  being  elongated,  with  the  posterior  margin  straight  or 
slightly  concave,  while  the  anterior  contour  is  convex.  The  sharp 
posterior  median  ridge  of  the  tooth  extends  for  the  whole  length  of 
the  crown,  and  is  strongly  serrated  throughout.  The  anterior  ser- 
rated ridge  is  visible  in  what  remains  of  the  upper  part  of  the 
crown  ;  but  I  am  unable  to  trace  it  in  the  lower  half  of  the  front 
face  of  the  enamel  (PI.  III.  &g.  3).     I  think  it  will  be  proper  to 

*  "  A  description  of  fossil  remains  of  three  distinct  Saurian  animals  recently 
disoorered  in  the  Magneraan  conglomerate  near  Bristol,  by  Henry  Riley,  M.D., 
and  Mr.  Samuel  Stutchbury,  A.L.S.,''  read  March  23rd,  1836. 
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restrict  the  name  PaUxotaurus  to  the  latter  (or  M egalosauroid)  form 
of  tooth,  and  to  use  TJiecodontosaurus  for  the  former  (or  Soelidosan- 
roid)  type,  the  varieties  of  which  may  be  embraced  under  the  common 
name  olplatyodon. 

The  bones  referred  to  and  described  by  Kiley  and  Stntchbviy  are 
vertebrae,  ribs  of  two  kinds,  a  clavicle,  two  "  coracoids,"  a  humerus,  a 
**  radius,"  two  femora,  an ''  ischium,"  a  tibia,  a  fibula,  metacarpal  and 
metatarsal  bones,  and  ungual  phalanges. 

The  ''  coracoid  "  figured  is,  as  I  suspected,  a  fragmentary  ilium. 
The  *<  radius  "  I  take  to  be  a  tibia.  The  parts  of  the  skeleton  which 
disgnose  the  Dinosaurian  nature  of  these  reptiles,  in  addition  to  the 
teetii,  are : — 1,  a  caudal  vertebra  with  the  chevron  bone ;  2,  an  ilium ; 
3,  a  tibia. 

The  diagnostic  mark  in  the  first  part  of  the  skeleton  mentioned 
lies  in  the  complete  union  of  the  crura  of  the  chevron  bones  at  their 
proximal  ends,  in  consequence  of  which  coalescence  the  fork  of  the 
chevron  bone  is  converted  into  a  foramen  (Fl.  III.  figs.  5  &  6). 
This  character  appears  to  be  universal  among  the  Dinosauria. 

With  respect  to  the  ilium  (PI.  III.  ^g.  7),  it  has  every  character 
of  that  bono  in  the  Dinosauria,  That  part  which  enters  into  the 
acetabulum  forms  a  semicircular  arch,  the  piers  of  which  are  formed 
by  the  pr»-  and  postacetabular  processes  (a,  6),  both  of  which  are 
strong  and  trihedral.  They  are  about  equal  in  length ;  and  each 
ends  in  a  truncated  face,  which  looks  a  little  downwards  and  a  little 
forwards  in  the  anterior,  downwards  and  a  little  backwards  in  the 
posterior  process.  The  expanded  supraacetabular  part  of  the  iHum 
{e)  is  a  vertically  disposed  plate,  equal  in  height  to  the  acetabular 
part.  Anteriorly  (d)  it  is  produced  in  front  of  the  acetabulum  for  a 
length  equal  to  that  of  the  neck  by  which  it  joins  the  acetabular  part. 
Posteriorly  (e)  it  is  prolonged  into  only  a  very  short  process,  which 
does  not  project  as  far  backwards  as  the  postacetabular  apophysis. 

In  all  these  respects  the  Thecodontosaurian  ilium  exag^rates  the 
peculiarities  of  that  of  Megalosaums,  And  the  like  is  true  of  the 
form  of  the  outer  and  inner  surfaces,  and  of  the  superior  contour,  of 
the  supraacetabular  part.  In  the  Triassic  Dinosaurian  the  outer 
surface  of  this  part  of  the  bone  is  strongly  concave  from  before  back- 
wards above  the  acetabulum,  the  posterior  iliac  process  being 
sharply  bent  outwards ;  while  it  becomes  flat  above  the  anterior  ihac 
process.  Hence  the  superior  contour  has  a  sort  of  f-like  curve. 
The  supraacetabular  part  of  the  iHum  of  Megalosaurus  has  the 
same  curvature,  though  less  strongly  pronounced.  The  inferior 
surface  of  the  anterior  process  of  the  supi-aacetabular  part  of  the 
ilium  of  Megalosaurus  presents  a  narrow  groove,  bounded  on  each 
side  by  ridges  of  bone.  In  the  Thecodont,  the  place  of  the 
groove  is  taken  by  a  broad  surface  which  is  only  slightly  concave 
from  side  to  side.  In  Megalosaurus  the  posterior  iliac  process  is  a 
little  longer  than  the  postacetabular,  and  possesses  a  considerable 
height.  In  the  Thecodont  it  is  shorter,  and  much  lower  and  more 
tapering  posteriorly. 
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The  prexiinal  end  of  the  tibia  (PI.  III.  %.  8)  possesses  the  great 
oatwardlj  bent  cnemial  crest  which  is  characteristic  of  that  bone  in 
the  Dmbsauria, 

The  ilia,  femora,  and  tibiae  in  the  Bristol  ooUeotion  are  all  of  one 
kind ;  and  the  question  therefore  arises,  do  they  belong  to  Thecodont 
tosaurus  or  to  PaUeosaurus  ?  Considering  that  three  sets  of  Theco* 
doDtosaurian  teeth  have  been  found  for  only  a  solitary  Faleeosaurian 
tooth,  the  probabilities  would  seem  to  be  in  favour  of  the  bones  be- 
longing to  Thecodontosauna.  But,  on  the  other  hand,  the  teeth  of 
TkecodantosauriM  are  Scelidosaurian  in  character ;  and  it  seems  to 
be  hardly  likely  that  these  teeth  should  have  accompanied  hind 
fimbs  which  are  the  reverse  of  Scelidosaurian,  and  exaggerate  the 
peculiarities  of  those  ot  Megahsaurus,  when  we  have,  in  Palwosaurus, 
a  tooth  BO  like  that  of  Megcdomurus  that  it  is  only  distinguishable 
by  critical  examination.  With  the  present  materials  I  do  not  think 
any  decision  can  be  safely  arrived  at  on  this  question,  and  I  shall 
speak  of  the  bones  as  those  of  Thecodontosaurians,  without  prejudice 
as  to  the  particular  genus  to  which  they  may  belong. 

I  may  observe,  in  conclusion,  that  the  ilium  is  shorter  in  proper* 
Hon  to  the  femur  in  these  Binosauria  than  in  any  others  with  which 
I  am  acquainted,  and  that  the  cavities  in  the  bones  are  so  extraor- 
dinarily laige  and  well  defined  that,  if  found  alone,  it  would  be  hard 
to  distingaish  some  of  them  from  those  of  PteroMuria, 

The  Thecodontosaurians,  then,  are  Dhiotauria  ;  but  the  question 
may  be  raised  whether  the  conglomerate  in  which  they  are  found  is 
really  Triaasic,  some  geologists  appearing  to  be  inclined  to  think 
tiiem  of  Bluetic  age,  while  Yon  Meyer,  as  has  been  seen,  looks  upon 
them  as  transitional  between  Muschelkalk  and  Keuper^.  It  does 
not  lie  within  my  province  to  discuss  this  problem,  the  decision  of 
which,  either  way,  will  not  affect  the  occurrence  of  Binosauria  in 
the  Trias ;  and  I  therefore  pass  on  to  examine  into  what  evidence 
there  may  be  of  the  existence  of  Dinosaurian  reptiles  in  the  War- 
wickshire sandstones,  the  Triassic  age  of  which  appears  to  be  beyond 
question. 

Many  years  ago  certain  teeth  were  discovered  in  these  sandstones 
by  Dr.  Lloyd,  and  were  placed  by  him  in  the  hands  of  Professor 
Owen,  who  has  thus  described  them  in  his  *  Odontography,'  which 
was  published  between  the  years  1841  and  1845 : — 

**  In  their  compressed  form,  anterior  and  posterior  serrated  edges^ 
sharp  points,  and  microscopic  structure,  these  teeth  agree  with  those 
of  the  Saurian  reptiles  of  the  Bristol  conglomerate.  In  their 
breadth,  bs  compared  with  their  length  and  thickness,  they  are 
intermediate  between  the  Thecodontosawrus  and  the  Palceosaurua 
platyodon.  They  are  also  larger  and  more  recurved,  and  thus  more 
nearly  aj^roach  the  form  characteristic  of  the  teeth  of  the  Megalo^ 
murus.  From  these  teeth,  however,  they  differ  in  their  greater 
degree  of  compression  and  in  a  slight  contraction  of  the  base  of  the 

*  On  thh  qaeetion  I  refer  the  reader  to  a  forthcoming  paper  by  my  colleague 
Mr.  mberidge. 
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Figures  of  these  teeth,  of  the  natural  size,  are  given  in  plate 
62  A,  figs.  4  a  &  b,  of  the  work  cited. 

I  am  at  a  loss  to  discover  the  smallest  resemblance  between  these 
teeth  and  either  those  of  .Thecodontomurus  of  Kilej  and  Stutchburj 
or  the  so-called  "  Palctosaunis "  platyodon  tooth,  which  is  repre- 
sented in  the  same  plate,  %%.  7 ;  nor  can  I  divine  in  what  sense  the 
Cladyodon  teeth  can  be  said  to  be  intermediate  between  the  two.  If 
they  were  affirmed  to  be  intermediate  between  Thecodontosatwus  and 
Falceosaurtis  cylindrodon,  the  statement  would  be  intelligible,  though 
I  do  not  think  it  would  be  altogether  accurate. 

I  have  been  favoured  by  Mr.  T.  G.  B.  Lloyd,  F.G.S.,  with  the 
opportunity  of  examining  three  Saiuian  teeth  from  the  quarries  which 
yielded  Cladt/odon,  Two  of  these  teeth  (PL  III.  fig.  4)  are  so  similar 
to  those  of  PaJ<B08auTus  cylindrodon  in  form,  and  even  in  colour,  that 
I  conceive  them  to  belong  to  the  same  genus,  and  perhaps  to  the  same 
species,  although  they  are  twice  as  large  as  the  teeth  from  BristoL 
They  show  most  distinctly  the  abrupt  cessation  of  the  anterior  ser- 
rated ridge  about  halfway  down  the  crown,  which  beneath  this  point 
is  rounded  and  curved  as  in  Megalosaurus,  I  see  no  reason  to  doubt 
that  these  are  Dinosaurian  teeth.  Of  the  other  tooth,  only  the 
crown,  which  is  1'8  inch  long,  is  preserved  (PL  III.  ^g.  11).  This 
tooth  must  have  had,  as  nearly  as  maybe,  the  same  dimensions  as  the 
hindmost  tooth  in  the  upper  jaw  of  the  Megalosaurus  figured  in  the 
*  Quart-erly  Journal'  of  this  Society  (vol.  xxv.  pi.  12) ;  and  if  placed 
over  that  tooth  it  corresponds  with  it  in  contour  with  remarkable 
closeness.  On  the  whole,  however,  the  crown  of  the  Megalosaurian 
tooth  is  thicker  near  the  fang  than  the  present  tooth.  But  what 
distinguishes  the  latter  at  once  from  all  the  Megalosaurian  teeth  of 
which  I  have  been  able  to  obtain  a  sufficiently  clear  view,  is  the  fact 
that  the  serrated  anterior  ridge  extends  along  the  whole  length  of 
the  crown,  instead  of  stopping  short  halfway  from  the  apex,  as  it 
does  in  Megalosaurus,  In  this  respect  the  tooth  from  the  Trias  re- 
sembles those  of  Teratosaurus ;  and  it  may  possibly  belong  to  that 
genus. 

Thus  it  appears  that  there  are  two  kinds  of  Dinosaurian  teeth  in 
the  Warwickshire  Trias — one  kind  allied  to  Megalosaurus^  the  other 
to  Thecodontosaurus. 

Thanks  to  Mr.  Kirshaw,  who  has  so  skilfully  worked  out  many 
of  the  fossils  of  the  Warwickshire  Trias,  I  am  able  to  add  new  evi- 
dence which  tends  in  the  same  direction.  This  consists  of  three 
consecutive  vertebrse  (PL  III.  fig.  9),  which  have  been  ankylosed 
together,  though  they  are  now  separated  by  the  breaking  awaj^  of  the 
greater  part  of  the  hinder  portion  of  the  second  vertebra.  The  centra 
of  these  vertebrae  are  much  constricted  in  the  middle,  while  their  arti- 
cular surfaces  are  flat  or  slightly  excavated  (PL  III.  ^g.  1 0).  The 
bones  have  been  so  much  distorted  and  crushed  that  it  is  hard  to  say 
what  the  contour  of  these  surfaces  may  have  been  ;  but  they  wore 
either  circular  or  oval,  the  long  axis  of  the  ellipse  being  vertical.  The 
spinous  processes  are  broken  away.  The  faces  of  the  praezygapophyses 
look  inwards  as  well  as  upwards,  so  as  to  embrace  the  postzygapo- 
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jAij9»  of  the  antecedent  vertebra  laterally.  The  poBtzjgapophy«ea 
of  the  first  vertebra  are  completely  ankylosed  with  those  of  the  second ; 
and  those  of  the  second  seem  to  have  been  similarly  united  with  those 
of  the  tliird.  The  centrum  of  the  first  vertebra,  on  the  other  hand, 
is  not  absolutely  fused  with  that  of  the  second,  the  separation  being 
everywhere  traceable ;  and  the  union  between  the  centra  of  the 
second  and  third  vertebrae  seems  to  have  been  still  more  lax.  Each 
neural  arch  is  connected  only  with  its  own  centrum,  and  the  inter- 
vertebral foramen  lies  over  the  posterior  moiety  of  each  centrum. 

A  strong,  prismatic  sacral  rib  with  a  triangular  section,  only  the 
proximal  end  of  which  remains,  springs  from  the  junction  of  the 
centrum  with  the  neural  arch  on  each  side,  in  the  first  vertebra,  and 
appears  to  have  been  directed  perpendicularly  outwards.  The  se- 
cond vertebra  seems  to  have  possessed  a  similar  rib,  which,  how- 
ever, springs  rather  further  back  from  the  anterior  edge  of  the  arch. 
The  third  vertebra  also  possesses  a  strong  rib,  the  root  of  which 
occupies  the  middle  of  the  arch.  The  contour  of  the  broken  end  of 
the  rib  is  more  nearly  four-sided.  The  anterior  and  posterior  faces 
sre  concave  from  above  downwards,  and  are  directed  obliquely, 
the  anterior  upwards,  and  the  posterior  downwards.  The  centrum 
of  the  anterior  vertebra  is  1-6  inch  long,  that  of  the  third  1-75  inch; 
but  the  difference  may  be  the  result  of  the  crushing  of  the  vertebr», 
which  are  a  good  deal  distorted.  The  height  of  the  centrum  seems 
to  have  been  about  1*3  inch,  the  width  about  1*1  inch. 

Mr.  Kirshaw  has  sent  me  two  centra  of  vertebra;,  which  may  very 
well  have  belonged  to  the  same  animal  as  the  sacrum.  One  of 
these  is  almost  undistorted,  and  belongs  to  the  dorsal  region.  It  is 
1-6  inch  long ;  and  the  better-preserved  articular  surface  is  1-55  inch 
high,  while  its  greatest  width  is  rather  less  than  1  inch.  The  sur- 
face is  very  slightly  concave,  and  is  perpendicular  to  the  axis  of 
the  centrum.  The  centrum  is  much  constricted,  so  as  to  be  not 
more  than  0-6  inch  wide  in  the  middle  ;  and,  as  in  the  other  ver- 
tebne,  the  floor  of  the  neural  canal  sinks  rapidly  from  each  end 
towards  the  middle  of  the  centmm.  Some  of  the  vertebra  from  the 
Bristol  conglomerate  bear  an  extraordinarily  close  resemblance  to 
these. 

The  fragmentary  vertebra  described  and  figured  by  Professor 
Owen  as  belonging  to  Lahyrinthodon  pachygnathus  has  the  same 
general  characters  as  those  now  described.  The  vertebra  ascribed 
to  Lahyrinthodon  Upiognathvs,  on  the  other  hand,  appears  to  have 
belonged  to  some  other  reptile. 

The  remarkable  ilium  ascribed  to  Lahyrinthodon  pachygnathus 
(Z.  c,  pi-  45.  figs.  16,  17)  is  also  a  reptilian  bone,  intermediate  in  its 
characters  between  the  ilium  of  a  Teleosaurian  and  that  of  a  Lizard. 
It  is  very  similar  to  an  ilium  from  the  Eeuper  described  and  figured 
by  Von  Meyer  (*  Palaeontographica,'  Bd.  vii.  pi.  41),  and  ascribed  by 
bun  to  Belodon^  I  propose  to  discuss  the  nature  and  signification  of 
this  remarkable  bone  in  another  communication. 

I  have  no  direct  evidence  of  the  presence  of  Dinosaurta  in  the 
SgiD  sandstones ;    bnt  ample  proof  is  in  my  possession  that  the 
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cast  of  a  mandible,  which  I  have  described  (*  Quarterly  Journal  of 
the  Geological  Society/  1858,  vol.  xv.  p.  454)  as  probably  apper- 
taining to  StagoTiolepiSy  did  not  belong  to  that  reptile,  the  teeUi  of 
which  possess  short  and  comparatively  obtuse  crowns.  I  think  it 
more  than  probable  that  this  mandible,  with  its  great  recurved  and 
pointed  teeth,  which  had  large  pulp-cavities  and  were  implanted  in 
distinct  alveoli,  may  have  belonged  to  a  Dinosaurian  reptile. 

I  know  of  no  further  evideuce  of  the  eastence  of  Dinasattria  in 
rocks  of  Triassic  age  in  Western  Europe  than  that  which  I  have  now 
brought  forward ;  but  it  is  sufficient  to  demonstrate  the  existence  of, 
at  fewest,  two  genera  in  the  Grerman  Trias,  and  of  three  in  that  of 
Britain. 

3.  DiN0SAUsii./ram  the  Trias  of  the  Ural  Mountains  and  India. 

In  the  extreme  east  of  Europe,  namely  in  the  Ural  Mountains, 
there  is  a  series  of  rocks  which  have  been  supposed  to  be  Permian, 
but  which  there  now  appears  to  be  every  reason  to  consider  to  be 
of  Triassic  age.  Kemaius  of  reptiles  associated  with  those  of  La- 
byrinthodonts  from  these  rocks  have  been  described  and  figured  by 
D'Eichwald  (*  Lethaea  Rossica ')  and  by  Von  Meyer  (Palajontogra- 
phica,  Bd.  xv.).  Now  the  teeth  and  jaws  of  the  Deuterosaurus  of 
D'Eichwald,  no  less  than  the  vertebrae  which  are  referred  to  the  same 
genus  by  this  author,  have  a  strongly  Dinosaurian  aspect;  and  though 
the  evidence  is  incomplete,  I  am  greatly  inclined  to  think  that  Deu- 
teroaaurtis  is  a  Dinosaurian.  But  the  specially  interesting  feature  of 
the  Ural  Triassic  fauna  is  the  association  with  the  Labyrinthodonts 
and  possible  Dinosauria,  of  the  Rhojpalodon,  so  singular  for  its  great 
canine  tusks,  in  front  of  and  behind  which  were  comparatively  small 
"  incisors  "  and  "  molars ; "  for  no  one  who  compares  Rhopalodon 
with  the  Galesaurus  of  Prof.  Owen,  from  the  Dicynodont-yielding 
sandstones  of  South  Africa,  can  fail  to  see  that  the  two  forms  are 
closely  allied. 

On  the  other  hand,  Von  Meyer  describes  humeri  and  portions  of 
crania  from  the  same  deposits,  the  nearest  resemblance  to  which  he 
finds  in  the  corresponding  parts  of  the  skeleton  of  Dici/nodon  itself. 
Thus  there  is  a  clear  affinity  between  the  Triassic  fauna  of  the  Ural 
and  that  of  South  Africa.  But  in  the  Ural  we  have  reached  a  point 
halfway  between  the  West  of  England  and  Central  India.  I  have 
already  ("  PalaBontologica  Indica,"  in  *  Memoirs  of  the  Geological 
Survey  of  India,'  1865)  shown  reason  for  the  belief  that  the  Central- 
Indian  and  the  African  faunaB  of  the  "  Poikilitic "  period  were 
closely  allied;  and  I  have  described  a  small  Thecodont  Saurian 
(Atikistrodony  from  the  Indian  beds.  Thanks  to  Professor  Oldham 
(the  Director  of  the  Indian  Survey),  I  am  now  enabled  to  go  a  step 
further ;  for  among  the  remains  which  last  reached  me  firom  him 
there  are  portions  of  a  Crocodilian  closely  allied  to  Bdodon ;  and 
ttius  the  Indian  fauna,  together  with  that  of  the  Ural,  binds  the 
Triassic  fauna  of  Western  Europe  with  that  of  Africa*. 

*  A  fragment  of  a  jaw  from  Mal6di  reminds  me  forcibly  oi  Rhapahdon. 
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4.  DcrosAiT&iA  from    the 
Trias  of  North  America, 

Tlie  Triaa  of  North 
America  has  yielded  the 
remains  of  two  forms  of 
reptiles,  Clepsysaurus  and 
Bathygnathtis*.  Theteeth, 
jaw-fragments,  and  verte- 
brae of  these  reptiles  have 
characters  which  are  quite 
in  accordance  with  those 
of  the  Z>ino«atirMi,  to  which 
group  they  have  lately  been 
referred  by  Cope  and  Leidy , 
and  I  entertain  no  doubt 
that  they  are  IHnosauria  ; 
but,  unfortunately,  none 
of  the  remains  wluch  have 
been  discovered  belong  to 
what  may  be  called  dia- 
gnostic  bones,  such  as  the 
ilium,  the  femur,  or  the 
tibia. 

5.  Hie  Arctogceal  province 
constituted  in  Triassic 
times. 

Assuming,  provisional- 
ly, that  these  reptiles  are 
Dinosauriay  the  distribu- 
tion of  that  group  and  of 
ike  other  Reptilia  and 
Amphibia  of  the  Trias 
may  be  tabulated  in  the 
annexed  form. 

Putting  t<^ether  all  the 
facts  now  ascertained  re- 
specting the  distribution 
of  the  "  Poikilitic  "  Rep- 
Hlia,  I  think  that  the  hori- 
zon of  all  these  beds  tends 
to  become  definitely  Tri- 
assic rather  than  Permian. 

And,  in  conclusion,  I 
may  draw  attention  once 

*  See  the  memoirs  by  Lea 
and  Leidy  in  the  second  volume 
of  the  second  series  of  the 
*  Joamal  of  the  Academy  of 
Hataral  Sciences.' 

VOL.  XXVI. ^PABT  I, 
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more  to  the  very  remarkable  fact,  that,  bo  far  as  the  present  evi- 
dence goes,  the  dry  land  of  those  Triaasic  epochs  was  as  extensive  in 
the  old  and  northern  New  World  as  it  is  at  the  present  day,  and  that, 
just  as  the  mammalian  and  ornithic  faunte  of  these  regions  lead 
ns  to  group  North  America,  Europe,  Asia,  and  South  Africa  in  one 
vast  Arctogaeal  province,  so  the  affinities  of  the  land  reptiles  of  the 
Trias  lead  to  the  conclusion  that  at  that  epoch  the  same  regions 
constituted  a  similar  great  distributional  area. 

EXPLANATION  OF  PLATES  I.-III. 
Plate  I. 
Fig.  1.  The  skull  of  Hypsilophodon  Foxii^  of  the  natural  size. 

Pa,  parietal ;  Fr,  frontal ;  Ha,  nasal ;  Pmx,  prsemaxilla ;  La,  iBcrymal ; 
Mn,  mandible;  a,  praelacrymal  vacuity ;  6,  suture  between  the  prmmmsr 
illary  and  inaxillarT  bones;  If,  nasal  aperture ;  c,  centrum  of  a  vertebra. 

2.  A  molar  tooth,  and 

3.  An  incisor  tooth,  magnified. 

4.  The  left  ramus  of  the  mandible :    Qu,  the  quadrate  bone ;  a,  the  ooro- 

noid  process. 

5.  The  left  prsemaxilla.    In  this  figure  and  in  fig.  1.  the  line  from  Pmx 

leads  to  the  edentulous  prolongation. 

6.  Side  view  of  a  caudal  vertebra,  of  the  size  of  nature. 

7.  End  view  of  another  caudal  vertebra. 

8.  A  chevron  bone,  of  the  natural  size. 

PUten. 

The  pelvis  of  HypsUophodan  Foxii,  two-thirds  the  natural  size. 

a,  the  anterior,  o.  the  posterior  extremitj  of  the  right  ilium  ;  It.  Is. 
the  right  and  left  ischia ;  Pb.  the  pubis. 

Plate  III. 
Fig.  1.  The  dentary  portion  of  the  left  ramus  of  the  mandible  of  7%eeodon- 
tosaurus. 

2.  One  of  the  teeth  of  Thecodontosaurtis,  magnified  three  times. 

3.  The  typical  specimen  of  the  tooth  of  PalxBosaurus  cylindrodon,  magni- 

fied three  times.  ' 

4.  One  of  the  teeth  of  the  Warwickshire  Palaosaurus. 

5.  A  caudal  vertebra  of  Thecodontosaurus  (?)  with  its  chevron  bone,  wfaioh 

is  imperfect  below. 

6.  The  anterior  aspect  of  the  same  chevron  bone. 

7.  The  inner  face  of  the  right  ilium  of  ThecodontoBourtu  (?). 

8.  The  proximal  end  of  the  right  tibia  of  Thecodontosaurus. 

9.  The  three  sacral  vertebrae  from  the  Warwickshire  Trias. 

10.  End  view  of  the  anterior  vertebra  of  the  sacral  series  (fig.  9). 

11.  ^.  anterior  view,  B.  lateral  view,  of  the  tooth  from  the  Warwickahire 

Trias  which  probably  belongs  to  Teratosaurus. 

DlSCUBSIOK. 

Sir  Roderick  Mttrchison,  who  had  taken  the  Chair,  inquired  as 
to  the  lowest  formation  in  which  the  bird-like  character  of  Dino- 
saurians  was  apparent,  and  was  informed  that  it  was  to  be  recog- 
nized as  low  as  the  Trias,  if  not  lower. 

Mr.  Seelet  insisted  on  the  necessity  of  defining  the  common  plan 
both  of  the  lleptilia  and  of  the  ordinal  groups  before  they  could 
be  treated  of  in  classification.  He  had  come  to  conclusions  as  to 
the  grouping  and  classification  of  Saurians  somewhat  difierent  from 
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KioBt  mS!^  ^•^t    tL^  pubbshed  in  a  few  days. 
o  XemJ^^  ^Un^   dolonutic  conglomerate  in  which 
Sl^^  »^J  near  Bristol  was  distinctiy  at  the 


-  in  tiwai^ 


^Hm*  T  ^r»M>i  was  oisancuj  at  the 

^«  the^i.*^*'  ^'"«^  beneath  the  sandstones 
*  f^ VkT^'*-    Be  iN.^  ^**»tic  senes.     There  were  no  Per- 
;,;;lT^'i«cheIk^it^^     the  conglomerates  as  probably 
;  [:^^^^  r^mnkB  h^^t  wa*  only  at  one  point,  near  Clifton, 
;  ^^  Wa«  plei8ed  *      ^^  foxmd. 
^^t^een  Mr.  SeeuJ^  ^J^^  *****  **»«•«  ^w  rach  a  diversity 
"  7ffc«t  the  tratif  ^^  himself,  as  it  was  by  discussion  of 
^  statement  as  toTi.    **  ^  ^  attained.     He  accepted  Mr. 
^«  age  of  the  Bristol  beds. 

"■^jAi  6a)ompax"^T^III 

''{;  Cainozoic  ne^:^^  W-BSTERir  Europe  during  the  Meso- 
^^^Bnx  DuKCAiT^  «7t«^W«f«f  %  '^t>  Coral  Fafnas. 
*  -^-B.Lond.,  F.E.S.,  Sec.G.8. 


'ii^on^  (exiatins) 


Vni.  Some  Genera  of  Eeef-Faunas, 
ancient  and  modem. 

IX.  list  of  Ooral-flM  Conditioiis  in 
diiferent  Perioda 

X.  Corals  and  CoraUlferousDeposita, 
in  conaecutiTe  geologicu  pe- 
rioda. 

XL  Conduaioaa. 


'C-ii 


.conditions 


I. 


^*nfco: 


'^xrcnoK. 


'ci2>^^i*^^^^e  ^aSt^^V*''  *^  accompany  the  ex- 

^^t^^^f'^^^^^i^^^  ^^  ^^  vast  aggrega. 

y«ed  tKo    ®?^^  *^d  X>«t     *^^  Bcdulously  and  snccessfully 

'ZonL'^''^  ^o,.^t  ^^^^^  the  facts  snd  theorici 

-^^diaBT-f  *     r*®  P*i5^si«  1  *  ®®^^  ^^  ^^^^^i*"  importance  to 

rof  thoJ^^    .     *^®©i    i^  geography  of  the  Indo-Pacific 

^foTol^^^  b«^j^^^\e«tigated  with  as  much  care  as 

^^othS^^^^^  of^^^ic^.&shioned  by  coral  polypes, 

'^  of  the  prod      •     ^    to^   numbers  of  Invertebrata,  fish, 


f^^at  obtain, 


otx 
«  in  thenx. 


o^    ^^  satisfactorily  determined  than 
^^fs,  and  the  system  of  species- 
Pol 


l^ndenceoftheS 

^  Js  as  well  undpr^r    *'«-iX'-rv-. 

flonrishine-  stiif     ^^*^  a.^^^*  ^P^^  certain  definite  external 

'^  to  show  f  kJ^^  ^^  tl^^      ^^  that  of  the  myriads  of  moUnsca 


^^faeto^-^  ^^^ef-btdldeis.    The  dredge  •  has 


'.♦  oeep  seaa  of  i^  ^'''^•^^l*» 
'  ihem  have  been  ^-    *^^^    ^^  ^^  ^^^  ^^  *^^®  shellows  and 

^anaica    Pou^S*''®'*©  tK_       ^^hed  from  those  peculiar  to  the 

*   J*^ Vfc^^Vts  of  hia  dredging!  of Corala bctireen 
*"     Jiarvard  Coll.  noe.  6,  &  7. 
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reefs  and  lagoons.  The  bathymetrical  disposition  of  the  species  of 
the  reefe  has  been  studied  with  good  results  *  ;  and  it  has  become 
evident  that  there  are  natural-history  provinces  of  Madreporaria,  the 
most  distinct  being  those  of  the  Caribbean  sea  and  the  Indo- Pacific 
Ocean. 

Careful  and  systematic  dredging  in  the  Mediterranean,  the  North 
Sea,  and  the  Atlantic  has  proved  the  existence  of  a  deep-sea  and 
abyssal,  as  well  as  of  littoral  coral  faunas,  which  have  nothing  in 
common  with  true  reef  forms.  The  anatomical  construction  of  the 
majority  of  the  deep-sea  corals  differs  from  that  of  the  reef-bnilders 
and  the  species  inhabiting  shallows  and  lagoons  in  the  neighbourhood 
of  reefs.  There  are  evident  distinctions  in  the  methods  of  growth 
and  gemmation.  The  physical  conditions  of  the  areas  are  as  diverse 
as  the  genera  and  species  inhabiting  them. 

The  corals  of  the  West  Indies,  Bermudas,  Indo-Pacific,  South 
Sea,  China  seas,  and  Eed  Sea,  form  one  series ;  and  the  species  inha- 
biting the  deep  water  and  littoral  tracts  off  some  portions  of  the 
great  continents  are  included  in  a  second.  The  species  of  the  first 
are  infinitely  more  numerous  than  those  of  the  second  series,  and 
there  is  no  difficulty  in  distinguishing  them.  The  external  condi- 
tions which  accompany  both  series  are  tolerably  well  understood : 
and  the  instability  of  reef  areas  is  comparable  with  the  stability  of 
the  deep  seas  beyond  their  range.  Becent  researches  have  proved 
that  vast  districts  of  the  deep-sea  bottom  are  uncoralliferous,  and 
that  others  maintain  much  coral  life  at  immense  depths  f. 

Whilst  the  natural  history  of  the  existing  Madreporaria  has  been 
carefully  studied,  the  palaeontology  of  the  coralliferous  strata  has 
been  by  no  means  neglected.  Monographs,  properly  illustrated, 
have  described  the  fossil  corals  of  certain  districts ;  and  systematic 
works  have  treated  of  the  fossil  Zoantharia  as  a  whole.  Benss's 
descriptions  of  the  corals  of  the  Oberburg  in  Styria,  Castel  Gomberto 
in  the  Vicentin,  and  Gosau  in  Austria  J,  are  as  exhaustive  as  the 
labours  of  d'Achiardi§,  Seguenza  ||,  Be  Promentel^,  and,  last,  but 
not  least,  of  MM.  Milne-Edwards  and  Jules  Haime** 

The  description  of  the  fossil  corals  of  the  Meso^oic  and  Cainozoic 
strata  ofGreat  Britain  has  been  completedft,  and  the  relation  of  the 
successive  coral  faunas  in  them  to  those  of  the  equivalent  formations 
of  the  Continent  has  been  studied  and  noticed.  In  fact,  the  litera- 
ture of  the  coral  formations  is  sufficiently  advanced  for  some  gene- 
ralizations to  be  attempted  between  the  peculiarities  of  the  past  and 
present  faunas. 

♦  MicMotti  and  Duchassaing,  Mem.  ddl'  Aosad.  Torino,  1865.  Lyell,  Prin- 
ciples of  Geology,  1868.  »  ^     f 

son,  G^w^n  Je*Se^?^'^  dredging  (Proc.  Boy.  Soc.  1869).  Carpenter,  W.  Thorn- 

I  EseavB  in  Wien.  Akad.  Denkachr. 

n  Pi  Z^'  ^^  ^®™-  ^®^  S<^-  I<»1-  di  Sci.  Nat. 

tt  D^miJ**'-?'?'- /^-  ^"^^^  ^«*-  N»t-  dee  CoralL 
TT  Duncan,  Pal.  Soc.  Brit.  Fobs.  Corala. 
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There  has  been  much  progress  made  in  connecting  the  phenomena 
of  existing  ree&  with  those  of  the  past,  with  the  idea  of  establishing 
propositions  npon  which  geologists  could  reason.  Many  years  since» 
lient.  Nelson*  proved  that  sediments  which  were  supposed  to  be 
eharacteristic  of  Oolitic  and  Cretaceous  rocks  were  imitated  around 
the  Bermudas ;  and  of  late  years  much  has  been  written  upon  coral 
limestones  and  marls,  and  the  metamorphosis  of  coral  rocks  into 
dolomites  has  been  hinted  at  t. 

Speculations  have  also  been  published  respecting  the  influence 
of  the  sabsidenoe  of  reefe,  their  becoming  covered  up  with  deep-sea 
deposit,  and  the  creeping  of  deep  seas  over  littoral  tracts  and  land 
upon  the  notions  of  contemporaneity  $. 

In  1863§  the  similarity  in  general  arrangement  of  the  Mio- 
cene reefs  of  the  West  Indies  to  those  now  encircling  many  of  the 
isl&nds  was  announced ;  and  it  was  stated  that  the  species  of  the  old 
iee&  could  be  divided  into  those  which  lived  amongst  the  boiling 
nrf,  in  the  quiet  lagoon,  along  a  barrier  reef,  and  in  deep  water 
elose  by.  The  raised  reefs  of  San  Domingo  were  shown  to  link 
the  specialities  of  existing  reefs  to  those  of  the  past ;  and  an  ex- 
amination of  still  older  coral  formations  on  the  same  area  indicated 
that  even  in  the  Lower  Cretaceous  rocks  there  were  proofs  that  the 
same  external  conditions  and  the  same  grouping  of  coral  forms  were 
as  characteristic  of  the  ancient  as  of  the  Caribbean  reefs. 

Again,  the  study  of  the  Sicilian  and  Crag  deposits  proved  that  the 
former  seas,  out  of  the  range  of  reefis,  had  coral  species  representa- 
tive of  those  now  living  in  deep  and  abyssal  water,  and  occasionally 
just  below  low  spring-tide  mark. 

Moreover  many  English  geologists  |i  had  shown  that  coral  reefs 
formed  parts  of  Palaeozoic  and  Oolitic  landscapes ;  and  Stoppani  % 
proved  that  the  Azzarolan  banks  were  formed  by  a  branching  Ma- 
dxeporaiian. 

With  these  facts  and  theories  at  hand  there  is  a  demand  for  their 
utilization  in  some  common  inquiry ;  and  this  communication  is  an 
attempt  to  explain  some  of  the  former  physical  conditions  of  Western 
Europe  by  comparing  the  fossil  coral  faunas  with  the  existing**. 

It  commences  with  a  notice  and  a  description  of  the  typical  species 
of  the  coral  fauna  of  the  deep  and  abyssal  seas  which  bound  con- 
tinents remote  from  reef  areas;  and  then  follow  remarks  upon 

*  Tnna.  GeoL  Soc.  2nd  aer.  toI.  t. 

t  S.  P.  Woodward  held  this  opinion.     (Geol.  Mag.  toL  i.  "Beriew  of  the 
Dolomite  Mountains.'*) 
X  Duncan,  Beport  on  Brit  Foes.  Corals,  Brit  Assoc  18C8,  18G9. 

i  Quart  Jonm.  Qeol.  Soc.  toI.  xix.  p.  406. 
Bamsay  and  Moichiaon ;  Wright  Cotteswold  Club,  1868. 

f  PaL  Lombard. 

**  Some  theoretical  considerations  bearing:  upon  this  communication  will  be 
noticed  in :— Description  Fom.  Corals  of  the  West  India  Islands,  1863.  Beport  on 
British  Fossil  Corals,  read  at  Norwich.  1868,  and  Exeter,  1 809.  Palieontograph. 
8oc.Supp.BritFos8.  Corals,  1866.  Tertiary  (written  1864).  Since  this  eway  was 
read  the  specimens  of  corals  dredged  up  in  the  '  Porcupine '  expediticn  hsTe 
been  examined  by  me,  and  Count  Pourtales  has  sent  me  most  of  the  types  of  the 
deep-Ma  coral  fauna  off  Florida  and  the  HaTannah.  I  sti  11  find  that  the  deep-sea 
coral  faunas  differ  easentially  from  thoae  of  coral-reef  areas. 
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the  littoral  corals.  The  peculiarities  of  reef,  lagoon,  and  shallow- 
water  species,  and  the  reL&tions  of  the  two  fetanas  to  each  oth^r 
are  then  explained.  The  exceptional  species  are  eonsidered,  and  a 
typical  list  of  genera  whose  species  form  existing  ree£»  and  contri- 
hated  to  those  of  the  past  ia  giyen.  The  representatives  of  some  of 
the  modem  genera  in  old  reefs  are  noticed,  and  then  the  eesentiai 
principles  of  the  line  of  argoment  are  stated.  For  instance  the  cor- 
respondency of  physical  conditions  during  the  deposition  of  strata 
containing  analogous  forms,  the  presence  of  compound  cceneachyraal 
species  indicating  neighbouring  reefs,  and  their  absence  in  places 
where  simple  or  non-ccenenchymal  Madreporaria  are  found,  being 
characteristic  of  deep-sea  areas  which  were  remote  fr<«i  coral-seas. 
The  physical  conditions  of  the  seas  of  Western  Europe  from  the 
Trias  to  the  present  time  are  considered,  and  the  geographical  pe^i- 
liarities  now  witnessed  in  association  with  reef  and  deep-sea  areas 
are  briefly  referred  to. 

The  details  which  ought  to  be  comprised  in  a  perfect  essay  upon 
this  subject  are  so  enormous  in  amount  that  I  have  considered  it  best 
to  offer  this  paper  merely  as  a  *'  memoire  pour  servir ; "  and  it  is  to  be 
hoped  that  further  researches,  especially  in  the  deep  seas  between 
and  beyond  the  remote  islands  of  the  Pacific  ooral-sea^  will  dear  up 
some  doubtfal  points. 

II.  Dbbp-sea  akd  Abyssal  Cobaxs  (existing). 

Many  species  of  Madreporaria  flourish  at  considerable  depths  in 
the  seas  of  Western  Europe.  The  Mediterranean  Sea,  the  Atlantic 
off  the  coasts  of  Spain,  France,  and  Ireland,  and  the  North  Sea  be- 
tween &e  Shetlands  and  the  coast  of  Norway  have  yielded  to  the 
dredger  simfde,  dendroid,  and  bush-shaped  stony  corals  at  depths  of 
from  ten  to  many  hundred  fathoms. 

These  European  species  have  representatives  in  the  deep  seas  off 
long  lines  of  continent  in  many  parts  of  the  world.  Such  forms  are 
sparsely  distributed  off  the  western  and  south-eastern  coasts  of  Africa, 
the  northern  sea-board  of  the  United  States,  and  the  west  coast  oi 
the  Isthmus  of  Panama,  and  they  have  been  met  with  in  the  North 
China  Sea  and  off  the  coasts  of  New  Zealand  and  South  Australia. 

There  is  a  dose  resemblance  in  shape  and  in  minute  construction 
amongst  these  deep-sea  corals.  Some  of  the  spedes  have  great  ranges 
in  depth  and  in  area,  whilst  others  are  restricted  to  certain  spots. 
They  are  never  found  constituting  coral  reefs ;  and  but  few  of  the 
genera  to  which  they  belong  have  contributed  forms  to  the  faunas 
of  those  aggregations  of  Madreporaria,  or  to  those  of  the  shallow 
waters  in  and  about  them. 

The  deep-sea  corals  are  not  distributed  universally  over  the  sea- 
bottom.  Some  places  are  not  coralliferous,  and  others  are  crowded 
with  individuals  of  all  sizes  of  one  or  more  species.  All  of  them 
are  restricted  to  those  portions  of  the  sea-bottom  which  are  remote 
from  the  entrance  of  large  rivers,  and  from  flat  muddy  shores,  and 
which  are  not  in  the  lin6  of  rolling  pebbles,  where  conglomerates 
can  form,  or  of  such  sediments  as  would  constantly  cover  tiie  polypes 
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with  fetid  mucL  The  branching,  bush-shaped  and  dendroid  forms 
are  usually  found  upon  a  rocky  bottom ;  and  the  simple  corals  gene- 
rally select  a  shelly  foundation  or  a  foraminiferous  ooze. 

The  genus  whose  species  are  dwellers  in  the  deep  sea,  and  which 
is  most  familiar  to  European  naturalists,  is  Caryophyllia,  It  is  a 
genus  whose  species  are  invariably  simple  in  form  or  solitary ;  they 
reproduce  by  ova  alone^  and  do  not  form  a  compound  corallum  by 
gemmation. 

Alphonse  Milne-Edwards  *  obtained  numerous  specimens  of  va- 
rieties of  the  Mediterranean  CaryophyUia  arcuata  and  Caryophyllia 
tlatmsfrom  a  depth  of  between  2000  and  2800  metre8(1110  and  1550 
fathoms)  in  the  sea  between  Corsica  and  Algiers.  Edward  Forbes 
and  others,  since  his  time,  have  obtained  Caryophyllia  cyatJius  from 
a  depth  of  from  5  to  200  fathoms.  Caryophyllia  boreaUs^  Fleming, 
has  been  dredged  up  by  Messrs.  MacAndrew,  Norman,  and  Gwyn 
Jeffireys  in  corresponding  depths  in  the  North  Sea;  Mr.  Norman 
dredged  up  thousands  in  one  spot  in  70  fathoms  ;  and  therefore  the 
species  may  be  considered  a  common  one  over  the  coralliferous  area 
of  the  western  European  seas. 

The  genus  Balanophyllia  has  species  in  the  Mediterranean  at  80 
£M^hom0 ;  and  Mr.  Gwyn  Jeffreys  has  found  one  at  340  fathoms,  off 
the  south-west  of  Ireland.  Species  of  it  are  found  in  the  deep  seas 
off  nearly  every  part  of  the  world  that  has  been  mentioned  as  having 
a  neighbouring  deep-sea  coral  fauna. 

FlaMlnm  has  a  species  {Flabellum  anihophyUum)  in  the  Mediter- 
ranean, in  the  Bay  of  Biscay,  and  in  the  North  Sea ;  and  others  are 
found  at  considerable  depths  amongst  the  remote  deep-sea  faunas. 

The  NulHpore  zone  of  the  Mediterranean  is  inhabited  by  a  species 
of  DesnwphyUum,  which  is  found  in  deep  water  off  Madeira  and 
Cape  Breton.  Others  have  been  found  off  Japan,  and  in  the  Pacific 
off  the  south-west  coast  of  America. 

There  is  a  species  of  Paracyathus  which  is  found  at  a  depth  of 
from  30  to  40  fathoms  in  the  Shetland  seas ;  and  the  genus  is  repre- 
sented in  tlie  deep-sea  fauna  of  the  Mediterranean. 

The  genus  Sphenoirochus  has  species  in  deep  water  off  the  Cornish 
coast,  the  west  coast  of  Ireland,  and  near  the  Isle  of  Arran. 

These  are  the  typical  deep-sea  simple  corals.  None  of  them  throw 
forth  buds,  and  they  all  vary  much  in  shape ;  the  depth  of  water  and 
the  nature  of  the  sea-bottom  have  much  to  do  with  the  peculiarities 
of  some  forms. 

The  other  deep-sea  corals  are  compound  Madreporaria.  The  great 
branching  Lophokdia  prolifera  lives  at  a  great  depth  in  thcNorth 
Sea,  at  more  than  400  fathoms  on  rocky  ground  off  the  south- 
west coast  of  Ireland  t,  and  in  deep  water  in  the  Mediterranean. 
This  is  a  typical  deep-sea  form ;  and  the  absence  of  the  cellular 
ecenenchyma  is,  with  one  exception,  a  characteristic  of  the  deep-sea 
compound  corals,  just  as  its  presence  is  almost  invariable  in  the 
species  of  the  reef  fauna.     A  huge  branching  coral,  DendrophylUa 

•  liUm.  AomL  des  Sci.  July  1861.    Ann.  dee  Sci.  Nat  tome  xv.  1661. 
t  J.  Gwyn  Jeffreys's  Beport 
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ramea,  is  often  dredged  up  off  Madeira,  and  in  deep  water  off  Cadiz. 
A  second  species  is  found  in  the  Gulf  of  Gascony. 

Amphihelia  oculuta,  Linnseus,  is  found  at  great  depths  in  the 
Mediterranean  Sea  and  in  the  Atlantic  south  of  the  Faroe  Islands ; 
and  there  is  a  species  in  the  Australian  seas.  Ccenocyathus  and  Cla- 
docora  have  species  amongst  the  deep-sea  Mediterranean  forms ;  and 
a  species  of  this  last  genus  is  found  off  Madeira. 

There  are  some  genera  which  are  characterized  by  a  budding  from 
an  expansion  of  the  base  of  the  coral,  or  which  throw  out  stolons. 
Astrancfia  astranformis  is  a  type  of  this  family ;  and  it  is  a  moderately 
deep-water  species  off  the  eastern  coast  of  the  United  States,  north 
of  the  reef  area. 

Another  form,  Oylicia  tenella,  Dana,  occurs  in  deep  water  off  the 
south-eastern  coast  of  Africa,  and  also  near  Australia ;  and  allied 
species  are  found  off  the  New-Zealand  and  Australian  coasts. 

There  is  a  facies  peculiar  to  these  compound  deep-sea  corals, 
produced  by  their  method  of  budding  and  growth,  and  by  the 
absence  of  cellular  coenenchyma.  When  a  collection  of  them  is 
placed  by  the  side  of  a  series  of  specimens  of  reef-making  corals,  the 
distinction  is  very  evident. 

The  habitats  of  these  deep-sea  species  are  rarely,  if  ever,  invaded 
by  the  true  reef  forms*. 

III.  Exceptions. 

There  are  deep-sea  species  of  the  genus  Stylastevy  Gray,  {AUopara^ 
Dana).  Thus,  Stylaster  Jlahdliformis,  Lamarck,  sp.,  was  found  at  a 
depth  of  160  fathoms  off  the  Isle  de  Bourbon.  A  closely  allied  spe- 
cies lives  in- deep  water  off  the  coast  of  Norway.  These  corals  often 
have  a  -coenenchyma  uniting  the  buds;  but  it  is  of  the  dense  non- 
cellular  structure  which  peculiarizes  the  family  of  the  Oculinidse,  and 
not  of  the  lax  tissue  which,  with  one  exception,  is  seen  in  the  ordi- 
nary reef  corals. 

Tie  genus  Madracis,  which  has  deep-sea  species  off  the  Isle  de 
Bourbon  and  Madeira,  is  an  exception  also ;  but  the  explanation  just 
given  suits  its  case. 

rV".  Littoral  Corals  belonging  to  the  Deep-sea  Coral  Fauna. 

Corals  are  occasionally  found  between  low  spring- tide  mark  and 
five  fathoms,  on  the  coasts  of  continents  and  large  islands.  Perfectly 
pure  sea-water,  freedom  from  muddy  sediment  and  fresh  water,  a 
rocky  bottom,  and  tolerably  deep  water  dose  by  appear  necessary 
for  their  existence ;  and  as  these  conditions  are  not  to  be  found  every- 
where, the  littoral  corals  are  scarce.  Vast  tracts  of  the  deep  sea 
may  be  tolerably  coralliferous,  yet  the  nearest  coasts  are  sparsely 
tenanted  by  a  stunted  coral  fauna. 

Considering  the  evidence  which  has  been  accumulating  for  years 
respecting  the  abundance  of  deep-sea  Madreporaria  in  some  parts  of 
the  Mediterranean  and  the  Western  seas  of  Europe  already  men- 

ii^.-^^JL'^®  Pourtales,  Bull.  Mus.  Harvard  Coll.  nos.  6  and  7.  The  Stylastern, 
Errtna,  Cpfpthaia  Haplophyllia,  and  ThscopsamnitB,  &c.  described  by  him  are 
deep-B6a  dwellers  in  and  near  a  iwf  area. 
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tioned,  it  is  remarkable  how  few  species  and  individuals  of  them 
have  been  discoyered  to  be  dwellers  in  shallow  water  *.  It  is  donbt- 
fill  whether  any  of  the  littoral  corals  now  under  consideration  are 
specifically  distinct  from  those  of  the  neighbouring  deep  water. 

Edward  Forbes  found  the  deep-sea  Mediterranean  Cladoeora  in 
shallow  water  on  the  JSgean  shores.  Mr.  Gwyn  Jeffreys,  Mr.  Nor- 
man, and  I  agree  that  the  stunted  CaryaphyUiaSmiihiiy  of  Uie  Cornish 
and  Devonshire  coasts,  is  a  variety  of  the  deepHsea  form  CaryophyUia 
horealis.  BaJanophyUia  re^,  Gosse,  which  is  found  with  the  littoral 
CaryophyUiaj  is  closely  allied  to  a  deep-water  species ;  and  D^^mopAyZ- 
Zumhas  a  littoral  species  very  closely  allied  to  the  Mediterranean  kinds. 

The  fittoral  simple  corals  are  usually  very  small  and  stunted,  and 
generally  have  broad  bases,  which  are  attached  to  stones  or  shells. 

Y.    COKALS  F0BMIN6  EeEFS  OF  ALL  KUTDS  AKD  DTHABITIire  THE 
LaOOOKS  AITD  SHALLOW  SeAS  IN  CoRAL-TEACIS. 

The  bulk  of  the  species  of  Madreporaria  are  included  amongst  these ; 
and  the  reef-builders  may  be  recognized,  for  the  most  part,  by  their 
peculiar  construction.  Simple  corals  are  rare,  belong  to  different 
genera  and  families  from  those  which  are  typical  of  the  deep-sea 
&uiia  already  noticed,  and  usually  have  a  very  well  developed  system 
of  eudothecal  structures,  which  enable  the  polypes  to  grow  rapidly. 

The  rest  of  the  fauna  is  composed  of  compound  corals,  which  in- 
cre^Lse  by  gemmation — ^the  buds  being  usually  united  by  a  lax 
coenenchyma  or  by  their  walls, — ^by  fissiparous  growth  with  or  with- 
out budding,  and  by  serial  growth,  which  is  an  endless  repetition  of 
tiie  mesenteric  laminsB  in  definite  directions.  These  structural  pecu- 
Harities  enable  individual  polypes  to  grow  rapidly,  to  form  aggre- 
gations, tod  to  combine  strength  with  an  endless  power  of  reproduc- 
tion and  repair.  They  enable  the  fragile-looking  reef-builders  to 
withstand  the  fiill  force  of  the  waves,  and  they  promote  the  forma- 
tion of  coral  limestone,  after  the  death  of  the  polypes,  in  consequence 
of  the  porous  nature  of  the  coenenchyma.  Moreover  the  methods  of 
growth  enable  the  reef,  lagoon,  and  shallow-sea  forms  to  carry  out 
their  technology  in  nature  rapidly  and  surely. 

It  is  not  intended  to  describe  reefs  in  this  communication ;  for 
the  information  concerning  them  and  the  coral-seas  can  readily  be 
obtained  from  the  original  source  f.  It  must  sufilce  to  assert  that 
many  families  of  the  Madreporaria  contribute  to  the  formation  of 
reefs,  and  that  there  are  species  peculiar  to  different  portions  of  the 
structures  as  well  as  to  different  depths  in  the  lagoons  and  shallows. 
But  they  all  have  a  general  resemblance,  and  their  method  of  repro- 
duction and  growth  distinguishes  them  from  the  corals  of  the  deep 
seas  out  of  the  range  of  reef  areas,  which  have  been  already  noticed. 

VI.  ExcEPnoHS. 

Beef  species  straggle  into  the  littoral  tracts  of  continents  near  reef 
areas.     Thus  a  PociUopora  of  the  Bed  Sea  is  common  in  2  fathoms 

^  See  Oosse,  *  Actinologia  Britannica,'  for  information  oonoeming  the  littoral 
and  deep-sea  oorak  of  our  area, 
t  Barinn,  Coral  Beefs. 
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water  at  Aden.  A  Manicina  of  the  Caribbean  is  found  on  the  ooast 
of  Brazil.  Mr.  Darwin  has  given  me  some  deep-«ea  corals  froia 
Cape  Verde,  and  one  is  identical  with  a  species  found  in  the  shallow 
sea  between  Cuba  and  Jamaica.  Flesiastrafa  has  species  at  Panama 
and  Port  Jackson.  Rocks  are  often  incrusted  with  reef  corals — 
at  Zanzibar  and  Ceylon  for  instance. 

These  exceptions  are  all  within  the  range  of  the  external  condi- 
tions favourable  for  the  existence  of  reels,  and  the  species  retain  the 
8tructur£l  peculiarities  which  differentiate  them  from  the  deep-sea 
corals  noticed  at  the  commencement  of  this  essay. 

YII.  ExcEPTioiTAL  Eelahoxs  op  ih£  two  Pattnas. 

The  genus  Flahellum,  which  has  species  in  the  deep  seas  of  west- 
em  Europe,  has  others  in  the  deep  seas  between  the  coral  archi- 
pelago and  the  Asiatic  continent,  and  some  which  are  found  in  the 
reefs  of  the  Fidji  and  other  islands.  There  is  a  Desmophyllum  in 
the  West- Indian  coral  area,  and  CaryophyUim  also.  DendrophylUa 
has  a  species  in  tiie  China  seas  within  the  range  of  the  conditions 
favourable  for  reefe. 

There  is  no  well-established  instance  of  any  species  or  variety 
known  to  belong  to  the  true  coral  fauna  of  reefs,  lagoons,  and  shal- 
lows, within  the  range  of  the  coral  seas,  which  can  be  identified  with 
any  member  of  the  deep-sea  coral  fauna  of  the  offing  of  continents 
and  large  islands  remote  from  the  coral  tracts. 

As  yet  nothing  is  known  about  the  corals  of  the  depths  between 
the  coral  islands  of  the  Pacific  Ocean,  or  of  the  inhabitants  of  the 
great  sea-desert  to  the  west  of  America ;  but  Mr.  Christy  gave  me  a 
collection  of  corals  he  had  dredged  up  between  Cuba  and  Jamaica 
in  not  very  deep  water,  and  I  found  the  species  to  be  closely  allied  to 
and  identical  with  those  of  the  lagoons  of  the  reefe*. 

From  what  is  known  at  present,  then,  the  existence  of  two  coral 
faunas  must  be  admitted — one  restricted  to  large  portions  of  the 
world,  where  the  conditions  favourable  for  reefs  exist,  and  the  other 
confined  to  the  littoral  tracts,  and  deep  and  abyssal  seas  near  cer- 
tain continents.  Both  depend  upon  the  persistence  of  definite  ex- 
ternal conditions,  and  neither  could  flourish  on  each  other's  area  or 
in  such  seas  as  the  Baltic  or  the  Black  Seaf. 

It  must  be  remembered,  however,  that  coral  reefs  are  not  inva- 
riably found  where  the  physical  conditions  which  accompany  them 
elsewhere  exist.  The  few  islands  in  the  Atlantic  are  not  surrounded 
by  reefe,  probably  on  account  of  the  impossibility  of  the  migration 
of  Madeporarian  ova  to  them.  The  Bermudas  are  exceptions ;  but 
their  position  in  reference  to  the  Gulf-stream  explains  their  having 
a  cond  fauna  of  the  reef  kind. 

When  the  details  of  the  marine  deposits  of  the  Mesozoic  and 
Cainozoic  strata  are  studied,  it  becomes  evident  that  some  of  them 
contain  fossil  corals  belonging  (so  far  as  can  be  judged  from  the 

*  Consult  Pourtales,  op.  cit 

t  The  ab3rB8a.l  fauna  exists  off  Florida,  and  enters  the  reef  area.  See  Pourtales, 
op.  cit. 
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analogies  of  their  siroctures  and  spedfio  affinities)  either  to  the 
deep-eea  or  to  the  reef  fauna.  When  the  IbaaiU  are  evidentlj  not 
derived  from  older  strata,  and  not  rolled  or  drifted,  their  having 
once  lived  on  the  area  of  their  fossilization  most  be  conceded. 

If  the  general  arrangement  and  grouping  of  forma  peculiar  to  the 
ree&  of  tiie  existing  seas  is  evidently  to  be  traced  in  those  of  the 
Mid-tertiary  age,  it  is  logical  to  admit  that  the  very  definite  phy- 
acal  conditions  pecuHar  to  modem  reefs  existed  formerly.  This 
general  arrangement  maybe  instanced  in  the  vast  coral  strata  of  the 
Xummulitic  age ;  and  the  reefs  of  that  period  cannot  be  distinguished 
by  the  shape  of  the  species  from  the  coral  remains  of  the  Oosau  reef 
area,  or  those  of  the  Neocomian  and  the  Oolites. 

Still  earlier  in  the  world*s  history,  the  nature  of  the  coral  fiMinas 
may  be  estimated  by  scantily  dispersed  specimens  which  possess  the 
peculiarities  of  one  or  other  of  the  types. 

The  relation  of  high  land,  older  strata,  and  intrusive  rochs,  their 
drainage,  vegetation,  and  fauna  to  coral  reefs  may  be  learned  in  most 
irorks  on  physical  geography  and  on  the  principles  of  geology* ;  and 
ttiere  is  a  possibility,  which  depends  upon  the  imagination  of  the  geo- 
logist, of  forming  ideal  landscapes  whenever  corals  abound  in  strata. 

Yin.  Geneka  op  Sjbsf-Faunas,  Asctest  and  Mo2>brii. 
The  following  is  a  list  of  Genera  whose  species  form  the  existing 
and  also  composed  some  oi  the  Tertiary  and  Mesozoic  reefs. 


Eaphyllia. 

Sarysmilia. 

Pectinia. 

Gakxea. 

Stepbanocamia. 

Sympfayllia. 


MroetophjUia. 
UlophyUia. 


Diploria. 

AatrtML 

Leptom. 

Frionaatnea. 

Coeloria. 

Agaricia. 

Hydnoi^ora. 

Pachyseria. 

Faria. 

Mjoedium. 

Heliaatrsea. 

Madrepora. 

Bnchjphyllia. 

Turbinaria. 

Cypha8tan»a. 
SolexiaBtnea. 

Afltneopom. 

Porites. 

Alreopora. 

Pocillopora. 

Millepora. 

Heliopora. 

Cjcloserig. 

Trochoseris. 

Idthophyllia. 


Many  of  the  genera  are  allied  to  other  fossil  forms  with  which 
they  were  associated ;  and  by  comparing  and  enumerating  the  extinct 
genera  whksbi  lived  with  those  whose  species  still  exist,  an  extended 
list  of  reef-makers  can  be  obtained.  Such  genera  as  Paehygyra^ 
Rhipidogyra,  Astrocomia,  Fhylloecenia,  Catamophyllia,  Bhahdo-' 
pkylUoy  MantUvaltia^  TkeeoinUHay  CladophylUa^  Latinueandra,  and 
Thamnasiraa  were  associated  with  many  of  those  in  the  list  given 
above  in  the  reefs  of  the  Miocene,  the  NummuHtic,  the  Lower  Chalk, 
the  Neocomian,  and  the  Oolitic  periods. 

The  genera  characteristic  of  the  deep  sea,  and  whose  species  do 
not  form.  ree&,  may  be  very  well  represented  by  the  following  list : — 
the  genera  of  the  families  Turbinolides,  Oculinides,  many  Trocho- 
amiliaces,  lithophylliacefie  simplices,  Cladocoracese,  Eupsammiacese, 
and  some  Pungiacese. 

IX.    CoHAi-SKA  CoKBinONS  IN  MPFEREITT  PERIODS. 

The  following  ia  a  list  of  the  geological  periods,  showing  the  rela- 
*  Lyell;  Dana;  Jukes. 
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tive  condition  of  the  coral  tracts  of  England  and  the  rest  of  western 
Europe.     No  attention  is  paid  to  the  existence  of  land  masses. 


Trias  

Great  Britain. 

Western  Europe. 

Beefs. 

Deep-sea. 

Littoral. 

Beefs. 

Deep-aea. 

Littoral. 

••• 

Land 

» 

4t     « 

Ehaetio 

*©  TA.  planorbu  ... 

«B 

*B 

«B 

« 

a  '  A.  angulatuB  ... 

« 

« 

» 

* 

» 

» 

(S  La.  Bucklandi... 

*R 

••• 

... 

... 

*B 

Middle  Lias  ... 

... 

* 

* 

... 

« 

Upper  Lias 

... 

«B 

... 

... 

*E 

Inferior  Oolite 

« 

... 

« 

Middle     „ 

« 

... 

* 

Coral  rag    

« 

... 

« 

Portland  Oolite 

«B 

« 

Neocomian 

... 

« 

» 

•B 

Gault 

... 

« 

« 

*B 

« 

» 

Cenonumian   ... 

... 

« 

« 

« 

* 

Lower  Chalk  ... 

» 

... 

Upper      „     ... 

* 

... 

« 

» 

Eooene    

« 

* 

«B 

* 

« 
« 

Oligooene    

Miocene 

* 

» 

« 
* 

♦ 

Crag-Pliooene 

Recent    

... 

* 

« 

B 

* 

♦ 

— __^ I 

B  after  an  asterisk  denotes  the  paucity  of  reefs  or  of  deep-eea  oonditiona. 


X.  Corals  and  Corallifebous  Deposits  in  coKSECvnYE  Geological 

Pebiods. 
The  Trias. 
There  are  no  vestiges  of  coralliferous  deposits  in  the  British  Trias. 
Formed  as  a  marine  deposit,  the  almost  unfossiliferous  Triassic  sand- 
stones were  land-surfaces,  whilst  there  were  corresponding  tracts 
reaching  far  away  to  the  south-east,  and  great  coral-reef  areas  to 
the  east  of  the  Yosges.  The  depth  of  the  marine  deposits  of  the 
Muschelkalk  is  very  great ;  and  some  of  them  contain  compound  Ma- 
dreporaria  and  some  simile  forms.  The  reef  origin  of  much  of  the 
dolomite  may  he  inferred ;  and  the  general  aiBnities  of  the  corals  of 
the  Muschelkalk  and  the  St.-Cassian  deposits  indicate  successive  reefs 
upon  nearly  the  same  area,  an  elevation  of  the  sediments  of  the  first- 
named  strata  having  occurred  intermediately. 

Bhcttic  Series. 
The  subsidence  of  portions  of  the  Triassic  land  surface  in  Britain 
accompanied  the  deposition   of  the  Avtcuh-contorta  beds  and  the 
White  lias.     Some  few  stunted  forms  of  Httoral  and  deep-sea  corals 
existed  in  the  seas  of  the  period  in  Great  Britain.     There  were  no 
reets  in  our  area ;  nor  are  there  any  evidences  of  such  structures  in 
'i^r'A^^'^'^Pi*  "^.^^^  Lombardian  Alps  and  to  the  north  of  Savoy. 
iHe  Azzarolan  deposits  on  the  Lake  of  Como*  contain  abundance 
*  Stoppani,  op.  cit. 
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of  Madreporaria,  including  componnd  forms  of  reef  species.  A  large 
ooral  bank,  from  8  to  10  metres  in  thickness,  mns  obliquely  through 
a  vast  depth  of  marine  deposits,  and  it  maj  be  traced  as  far  as  the 
BOuUi  aide  of  the  Lake  of  Genera.  The  position  of  this  bank,  which 
is  nearly  composed  of  one  species  of  coral,  is  such  that  it  must  have 
grown  during  a  slow  subsidence  of  the  area.  All  these  deposits  con- 
taiu  fossils  which  are  closely  allied  to  the  St-.Gassian  forms ;  and 
some  are  identical  species. 

1.  Zone  of  AmmoniUs  planorhU  and  its  equivalents. — ^The  corals 
of  this  zone  in  England  belonged  to  reef-species ;  and  it  is  therefore 
probable  that  some  scattered  reefs  were  formed  on  our  area  during 
the  considerable  alterations  in  depth  which  the  0$trea  and  Ammonites 
zones  indicate.  Probably  the  reefs  of  the  Alpine  area  still  con- 
tinued. 

2.  Zone  of  Ammonites  angulatus. — ^The  formation  of  fringing  reefs 
and  coral  banks  took  place  in  the  Glamoiganshire  area  * ;  and  the 
mountain-limestone  supported  them.  Other  reefs  were  formed  in  the 
north  about  Skye,  and  eastwards  in  Worcestershire.  In  linoolnshire 
there  were  deep-sea  conditions,  and  they  prevailed  also  in  the  north 
of  Ireland.  Sparsely  distributed  reefs  and  deep  seas  may  be  traced 
in  Northern  and  Eastern  France  and  into  Germany.  The  reefs  on 
the  Lombardo- Alpine  area  persisted.  It  must  be  remembered  that 
Triassic  fish  lived  through  the  Bhaetic  period  into  the  times  when  the 
deposits  now  being  considered  were  forming,  and  that  species  of 
Triassic  corals  and  mollusca  formed  part  of  their  fauna.  There 
were  61 1  species  of  corals  on  the  British  area.  It  would  appear  that 
the  seas  were  full  of  a  very  rich  invertebrate  fauna  during  this 
period,  and  that  the  British,  French,  Belgian,  and  northern  Italian 
districts  were  reef-areas. 

3.  Zone  of  Ammonites  Bueklandi  (hisulcattAs), — :The  reefis  appear 
to  have  diminished,  and  to  have  been  worn  down,  before  the  peculiar 
deposits  containing  this  Ammonite  were  formed.  In  England,  the 
remains  of  the  scanty  coral  fauna  of  the  reefs  of  this  period  are  seen 
to  cover  up  those  of  the  reefis  of  the  zone  of  Ammonites  angvlatus  in 
Glamorganshire.  The  sea  of  the  age  of  Ammonites  BwJclandi  con- 
tained a  few  of  the  molluscan  species  of  the  previous  reefs ;  but  the 
bulk  of  their  coral  fauna  is  not  to  be  recognized  in  its  deposits,  even 
by  allied  species.  The  area  of  England  was  losing  the  external 
conditions  which  hitherto  and  since  the  Trias  had  been  gradually 
beconung  more  and  more  favourable  for  reef- formation.  The  coral- 
liferous  deposits  of  Western  Europe  are  as  scanty  in  Hadreporarian 
remains  as  those  of  England ;  and  it  therefore  would  api)ear  that 
the  reefs  initiated  during  the  Muschelkalk  age  had,  after  a  long  con- 
tinuance, gradually  broken  up,  the  variation  in  their  consecutive 
fannas  having  been  alight. 

The  other  divisions  of  the  Lower  Lias  and  those  of  the  Middle 


•  Quart  Joarn.  Geol.  8oc.,  Feb.  1867. 

t  Duncan,  Pal.  See  Monog.  liaaiiic  Corals,  yoI.  xx. 
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Lias  of  England  were  fonned  under  very  variable  bathymetrical  con- 
ditions ;  and  deposits  of  Ammonites,  deep-sea  corals,  and  days  follow 
each  other.  The  great  coralliferoos  deposits  of  Fenny  Compton  and 
Cherrington  were  isolated  patches  on  a  yery  nneoralliferous  sea- 
bottom.  The  corals  of  these  deposits  have  no  affinities  with  those  of 
reef-faunas  which  preceded  them ;  and  the  coral  fauna  of  the  sone 
of  Ammonites  angulutus  in  Glamoiganshire  was  not  represented  in 
them,  but  it  was  clearly  reflected  in  the  assemblage  of  forms  which 
characterized  the  upper  part  of  the  Inferior  Oolite.  There  are  no 
evidences  of  reefs  or  of  an  abundant  deep-sea  coral  area  in  western 
Europe  during  these  times.  During  the  deposition  of  the  Upper 
lias  and  the  lower  part  of  the  Inferior  Oolite,  the  whole  of  the  area 
appears  to  have  become  nearly  uncoralliferous. 

T7te  OoMo  Strata. 

There  are  few  geological  data  more  evidently  true  than  the  occur- 
rence of  successive  reefs  on  the  same  areas  of  England  and  Western 
Europe  during  the  formation  of  the  Oolites.  The  whole  of  those  dis- 
tricts was  occupied  by  a  coral-sea,  interspersed  with  reefs,  lagoons, 
and  their  associated  land ;  and  the  bathymetrical  conditions  which 
prevailed  resembled  those  now  peculiar  to  reef-areas.  The  variations 
in  depth  on  the  same  portions  of  the  space  were  very  considerablei 
even  during  the  existence  of  the  same  groups  of  associated  species  ; 
and  successive  reefs  which  still  form  part  of  the  landscape*  are 
noticed  to  be  separated  by  the  detritus  of  former  ones,  by  deep-sea 
deposits,  and  even  by  shallow-water  formations.  Alfiiough  the 
character  of  the  sea-bottom  varied  greatly  over  the  whole  space  con- 
temporaneously and  successively,  the  general  characters  of  a  coral- 
sea  constantly  prevailed ;  and  the  identity,  resemblance,  and  repre- 
sentative character  of  the  coral  spedes  of  the  consecutive  ree&  lead 
to  the  inference  of  a  continuity  of  a  reef -fauna  somewhere  or  other 
during  the  whole  *  Oolitic  period.  The  abserce  of  deep  seas  close  to 
continental  tracts  must  be  admitted ;  but  the  presence  of  such 
geographical  elements  as  now  obtain  in  the  Indo- Pacific  may  be 
fairly  asserted. 

Ilie  extent  of  the  coral-sea  appears  to  have  reached  its  maximum 
during  the  Great  Oolite ;  and  then  the  conditions  which  had  pre- 
vailed so  long,  and  which  had  furthered  the  continuance  of  the  suc- 
cessive reefis,  began  to  alter. 

The  indications  of  reefs  diminish  very  decidedly  in  the  Oxford 
group  and  its  continental  equivalents  in  France,  Switzerland,  Swabia, 
and  Franconia.  Moreover  our  so-called  Coral-rag  is  very  poor  in  spe- 
cies, although  it  was  clearly  deposited  in  a  reef-area.  Whilst  the  reefs 
on  our  area  were  in  existence  there  do  not  appear  to  have  been  any 
in  Northern  and  Western  France,  Eastern  Switzerland,  or  to  the  east. 
There  Trigonia  limestones,  Cidaris  limestones,  Ammonites  limestones 
and  shales  appear  to  have  prevailed.  But  in  Western  Switzerland 
there  were  successive  reefs  which  commenced  before  our  horizon  of 

*  Wright,  op.  cit. 
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Cidaris  Jhrigemma  and  the  coral-reef  were  diatingaiahable.  The 
lower  part  of  the  Xinmieridge  group  oontains  the  relioa  of  a  leef  in 
the  SocheUe  district ;  but  there  are  only  deep-aea  MoUufica  and  Am^ 
monites  to  indicate  the  marine  conditionB  in  England,  Central 
Europe,  and  the  reat  of  France. 

Coral-life  had  departed  from  onr  area,  and  did  not  return  during 
tiie  deposition  of  the  Kiinmeridge  Clays;  but  a  small  reef-area, 
where  one  species  of  Coral  alone  is  found,  existed  during  the  Port- 
land Oolite.  But  elsewhere  in  Western  Europe*  there  was  always 
a  reef  in  some  locality  or  other  during  the  very  varying  conditions  of 
sea-depth  of  the  Kimmeridge  age.  In  the  middle  part  of  the  Xim- 
meridge,  on  the  horizon  of  PUrocertu  Oceani  and  Ammanitei  mutabiliMj 
the  coral-area  was  around  Natheim  and  in  Franconia ;  and  in  the 
upper  part,  the  coral-sea  was  still  absent  in  the  west,  but  there  were 
Tteh  in  Franconia  which  were  of  the  same  general  age  as  the  Solen- 
hofen  slates.  There  was  a  deep  sea  on  our  area  and  evidences 
of  land  close  by;  and  the  same  evidences  presented  themselves 
in  Western  Switzerland.  The  variations  in  the  depth  of  the 
sea-bottom  must  have  been  very  considerable  to  have  destroyed  reefs 
in  one  area  and  to  have  enabled  them  to  exist  in  another  and  to  be 
again  succeeded  by  deep-sea  and  even  terrestrial  deposits.  The 
species  of  these  wandering  and  successive  reefis  are  identical  or 
dosely  allied. 

The  last  glimmer  of  the  Oolitic  coral-life  in  Western  Europe  was  in 
the  Portland  Oolite ;  and  the  feeble  reef  of  our  area  was  part  of  a 
system  which  reached  to  Western  Switzerland.  But  the  progress  of 
a  great  and  general  elevation  of  the  Oolitic  sea-bottoms  had  been  gra- 
dually overcoming  the  temporary  subsidences  of  portions  of  the  area, 
and  finally  the  land-surface  of  the  Wealden  arose  over  large  spaces. 

Neoeomian  Strata. 
Until  lately,  the  strata  of  this  part  of  the  Cretaceous  Formation  in 
England  were  supposed  to  have  been  almost  imeoralliferous,  only 
one  species  having  been  described.  Mr.  C.  J.  Meyer,  however,  has 
studied  the  Bai^te  stone,  and  has  furnished  me  with  some  spe- 
cimens which  give  a  definite  character  to  the  Neoeomian  sea  of  the 
south  of  England.t  The  species  are  such  as  woidd,  in  the  existing 
seas,  denote  a  moderately  deep  sea  and  littoral  tracts  remote  from, 
but  still  under  the  influence  of,  a  reef-area.  They  are  not  true  deep- 
sea  species.  Now  the  reefs  of  the  Neoeomian  period  closest  to  our 
area  were  about  St.  Dizier  (Haute  Mame)  and  in  the  Department  of 
the  Yonne.  There  were  others  in  the  Hautes  Alpes ;  and  the  German 
reefs  were  around  Schoppenstedt,  EUigser,  and  Berklinger.  The  reeft 
of  the  Tonne  were  as  abundant  in  species  as  those  of  the  Oolites. 
Although  the  same  genera  were  present,  the  species  were  not  iden- 
tical; they  were  representative  and  grouped  in  the  same  manner. 
There  must  have  been  some  great  physical  break  between  the  forma- 
tion of  the  Neoeomian  reefs  and  the  destruction  of  those  that  pre- 


»  Waagen,  Qiiwrt.  Journ.  G«oI.  Soc.  toI.  xri.  part  2,  p.  14. 
t  Pal.  Soc. :  P.  M.  Duncan's  '  Brit  Fosa.  Corals,*  1869. 
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Ceded  them ;  and  at  the  same  time  there  most  have  been  a  persist- 
ence of  reef  conditions  within  the  limit  of  the  migration  of  corals 
during  the  Kimmeridge  and  Portland  period,  and  without  the  area 
of  Western  Europe. 

If  the  Neocomian  is  regarded  in  a  general  sense  as  the  marine 
equivalent  of  the  Wealden,  some  insight  maybe  obtained  concerning 
the  great  elevation  of  parts  of  the  Jurassic  sea-bed  which  occurred 
before  the  commencement  of  the  Cretaceous  era.  The  opinion  of 
£lie  de  Beaumoij^t,  that  a  great  upheaval,  which  he  has  named  the 
system  of  the  Cote  d'Or,  took  place  before  the  sediments  of  the  lower 
Cretaceous  seas  began  to  form,  is  worthy  of  careful  consideration. 
It  would  appear  that  long  ranges  of  the  Jura  and  Cevennes,  and 
granitic  rocks  covered  with  Oolitic  outliers  were  tilted  and  elevated 
before  the  sediments  of  the  Neocomian  period  were  deposited  uncom- 
formably  and  horizontally  in  relation  to  them.  If  this  was  so,  the 
varying  bathymetrical  conditions  already  noticed  as  characterizing 
the  sea -bottoms  of  the  Upper  Oolites  culminated  in  an  upheaval, 
which  produced  land  in  one  portion  of  the  area  of  Western  Europe, 
and  determined  the  presence  of  the  physiccd  conditions  favourable 
for  coral-life  in  another. 

The  GaulU 

When  the  species  forming  the  Coral-fauna  of  the  Gault  are  com- 
pared with  recent  forms,  there  is  no  difficulty  in  asserting  that  they 
were  dwellers  in  deep  water,  and  not  within  the  range  of  reefis. 
Some  of  them,  probably,  were  littoral  kinds.  All  are  specifically 
distinct  from  the  Neocomian  corals,  and  present  a  different  facies. 
Nothing  is  known  concerning  the  reefa  of  this  period ;  and  the  few 
species  of  the  generally  very  uncoralliferous  strata  of  the  Continent 
are  deep-sea  forms. 

Upper  Oreen  Sand. — Upper  and  Lower  White  ChaUc  Strata, 
The  gradual  subsidence  of  great  spaces  of  the  sesr-bottom,  which 
probably  determined  the  peculiar  fauna  of  the  Gault,  and  the  absence 
of  reefs,  appears  to  have  continued  in  some  localities  during  the  de- 
position of  the  Upper  Green  Sand  strata ;  whilst  it  was  preceded  in 
others  by  an  elevation  of  the  old  sediments.  The  coral  fauna  of  the 
English  Upper  Green  Sand  is  representative  of  that  of  the  Gault,  but 
the  species  differ.  There  were  littoral  and  deep-sea  forms  in  both ; 
and  in  the  south-west  of  England,  at  Haldon,  there  was  a  reef.  On 
the  Continent,  the  strata  of  the  period  indicate  every  known  variety 
of  deposit,  and  very  varying  bathymetrical  conditions.  Beefs  suc- 
ceeded various  deposits,  and  occupied  different  geological  horizons; 
and  all  had  a  definite  relation  to  each  other,  both  in  the  identity  of 
the  species  and  the  accompanying  mollusca. 

It  is  impossible  to  separate  the  English  Upper  Green  Sand  and 
Lower  White  Chalk  from  the  formations  at  Gosau,  in  Austria,  and 
the  reefs  in  the  south  of  Prance,  where  Hippurites  are  mixed  up, 
like  gigantic  Chamas,  with  masses  of  compound  corals  to  form  reefs. 
Pew  generalizations  have  been  more  useful  than  those  of  Messrs.  R. 
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Godwia-Austen  and  Sharp  concerning  the  relations  of  the  English 
Upper  Green  Sand  and  Lower  White  Chalk, — that,  in  fact,  the  first 
deposits  were  covered  hy  the  last  during  a  period  of  subsidence,  and 
that  oceanic  conditions  prevailed  over  the  littoral.  Since  the  corals 
of  the  Gosan  district  have  been  compared  with  those  of  Les  Bains  de 
Bennes,  the  Montagne  des  Comes,  Martigny,  and  Fignieres,  it  has 
become  evident  that  large  tracts  of  the  French,  Spanish,  and  Austrian 
areas  were  occupied  by  coral  reefs,  which  were  formed  and  destroyed, 
after  {Mincing  enormous  sediments,  whilst  the  oceanic  conditions  of 
the  British,  Belgian,  and  North  German  areas  prevailed.  There  were 
also  deep-sea  formations  going  on  far  away  to  the  east  whilst  the 
reefs  of  Goeau  were  flourishing.  Tet  the  oceanic  conditions  out- 
lasted those  of  the  reefs,  and  the  sediments  of  the  deep  sea  evidently 
covered  up  those  of  the  reef-areas  as  the  great  subsidence  of  the 
period  progressed.  There  were  then  two  coral  faunas  living  at  once 
on  the  Western  European  area.  The  reef-species  were  very  nume- 
rous, and  were  closely  allied  not  only  to  the  Neocomian  forms,  but 
also  to  those  of  the  Oolites.  The  alliance  is  greater  with  the  Neo- 
comian fauna  than  with  the  Oolitic ;  but  there  is  a  remarkable  simi- 
larity of  "  fades  "  between  the  three  groups  of  forms,  which  reminds 
the  nataralist  of  the  peculiarities  of  the  existing  corals  of  the  Pacific. 
This  arises  from  there  being  many  genera  which  were  represented 
in  the  Lower  Cretaceous  reefis,  and  which  exist  in  those  of  the 
Pacific. 

The  fiiuna  of  the  Upper  and  Lower  White  Chalk,  on  the  other 
hand,  is  essentially  represented  by  that  of  the  eidsting  deep-sea 
coral  fauna  of  the  North  Sea  and  the  Atlantic,  on  the  west  coast  of 
Ireland,  down  to  the  Straits  of  Gibraltar.  The  CaryophyllicB  of  the 
Chalk  are  closely  allied  to  the  existing  species,  and  the  branching 
Synhdia  is  represented  by  Lophohelia,  The  homotaxis  of  the  Cre- 
taceous deposits  and  those  now  forming  is  very  extraordinary. 

The  uppermost  deposits  of  the  White  Chalk  in  Denmark  and 
Holland  contain  a  few  traces  of  shallow- water  and  reef  corals ;  and 
the  end  of  the  Cretaceous  coral-period  resembled  that  of  the  Oolitic. 

Nummulitic  Period, 

The  fossil  corals  of  the  London  Clay,  Bracklesham,  and  Barton 
beds,  indicate  varying  bathymetrical  conditions  :  some  of  the  species 
▼ere  littoral,  and  others  were  wanderers  from  a  reef-area.  The 
corresponding  deposits  on  the  other  side  of  the  Channel  contain 
many  of  the  British  species,  and  were  formed  under  the  same  ex- 
ternal conditions.  The  reefs  of  the  period  covered  vast  areas.  The 
typical  reefs  were  in  Styria,  about  Oberburg ;  others  were  in  the 
Vicentin,  the  Tyrol,  Switzerland,  the  Maritime  Alps,  Corbieres,  Nice, 
the  Pyrenees,  and  Biarritz.  The  reefs  were  continued  into  the  Cri- 
mea, Egypt,  Syria,  and  Arabia ;  and  the  Hala  Moimtains,  in  Sindh, 
contain  as  great  an  aggregation  of  reef-making  genera  as  modem 
reefs.  The  Oberburg  fauna  was  highly  developed,  and  contained  all 
the  varied  styles  of  msBandriform,  branching,  and  massive  corals 
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that  now  occupy  definite  positions  in  the  reefs  of  the  Indo-Pacifie. 
Even  the  great  reef- making  genera  MiUipora,  Poriies,  Alveopora^ 
Madrepora,  and  Heliastnjea  are  represented  in  the  Eocene  reefs  by 
numerous  species.  The  number  of  species  in  the  old  reefs  quite 
equals  that  in  the  existing  ones.  The  stragglers  from  the  ree&  which 
formed  a  part  of  the  British  Eocene  corid  fauna  are  of  the  genera 
Stereopsammia,  Dendrads,  Porites,  LitJiarea,  and  Axopara,  These 
forms,  associated  as  they  are  with  the  Dendrophyllias,  would  not  bo 
out  of  place  in  such  an  area  as  the  sea-bottom  to  the  south  of  China, 
or  the  Gulf  of  Mexico. 

Great  variations  of  depth  occurred  in  these  coral  areas ;  for  deep 
sediments  containing  Nummulites  overlie  the  reefs  either  directly  or 
by  inference,  and  there  is  a  profound  flysch  superior  to  the  Ober- 
burg,  but  not  in  the  same  district.  The  NummuUtes  appear  to  have 
favoured  the  reef-areas. 

Oligocene^ 

The  coralliferous  deposit  at  Brockenhurst,  in  Hampshire,  resta 
upon  a  freshwater  formation  which  is  the  equivalent  of  the  fresh- 
water beds  of  the  Lower  Headon  series.  The  species  of  corals  are  of 
genera  which  now  characterize  reefs,  and  the  most  prominent  are 
Madrepora  and  Solenastrcea,  The  moUusca  associated  with  the  corals 
are  identical,  for  the  most  part,  with  those  which  are  found  in  the 
Oligocene  strata  of  Tongres,  Magdeburg,  and  Latdorf ;  and  they  be- 
long to  a  well-characterized  horizon  between  the  Nununulitic  and  the 
Faluns.  The  corals  of  the  three  localities  just  mentioned  are  deep- 
sea  and  littoral  forms  more  or  less  under  the  influence  of  a  reef;  but 
the  true  reefs  were  in  Hampshire  and  in  the  Castel-Gomberto  dis- 
trict, where  they  can  still  be  recognized  in  great  masses. 

These  reefs  contain  no  less  than  50  genera  of  corals  ;  and  there  are 
many  species  there  which  are  found  in  the  Nummulitic  and  Miocene 
reefs  associated  with  characteristic  forms.  The  Oligooene  reefs  dif- 
fered, in  species,  about  as  much  from  those  which  immediately  pre- 
ceded and  followed  them  as  the  existing  West-Indian  reefs  do  from 
those  of  the  Pacific  and  South  Sea. 

The  relation  of  the  Oligocene  reefs  to  certain  great  bathyme- 
trical  changes  is  obvious ;  and  the  Brockenhurst  reef  was  located 
upon  an  area  which  had  been  upheaved  after  the  Barton  deposits  had 
been  completed  and  again  slightly  depressed.  The  deep  water  in 
the  German  area  covered  extensive  Brown- coal  strata. 

The  reef-corals  began  to  diminish  in  the  number  of  their  species 
after  this  time ;  and  the  Miocene  reefs  formed  in  south-western 
France,  northern  Italy,  Austria,  Hungary,  Spain,  and  Malta,  do  not 
present  so  varied  an  assemblage  as  those  of  the  two  preceding  forma- 
tions. The  oscillations  of  the  south-western  area  of  Europe  were 
very  great  between  the  Oligocene  and  the  Miocene ;  and  during  this 
age  reefs  and  barriers  were  associated  with  considerable  land-sur- 
faces, and  with  very  variable  conditions  of  sea-bottom.  The  partial 
upheaval  of  the  Alps  (which  had  been  a  reef-supporting  series  of 
hiUs  for  two  periods)  into  mountain-ridges,  and  the  general  Toloanic 
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phenomena  of  the  Ehine  proTmoes  and  central  France,  depended 
upon  secular  operaticms  which  were  also  derating  the  whc^e  Conti- 
nent and  producing  riveiB  and  sediments,  and  they  rendered  coral-life 
at  first  difficult  and  then  impossiUe.  The  deep  sea  of  the  period  was 
in  the  North  Atlantic,  and  the  reefs  went  raaiMi  the  f^ohe  like  a  belt. 
The  Maltese  reefs  felt  the  warm  currents  of  the  area  now  occupied 
by  the  Sahara ;  and  the  reefs  of  Asia  Minor  and  of  the  west  of  Arabia 
on  the  east,  with  the  coral-tracts  ai  the  Isthmus  of  Panama  oa  the 
west,  opened  the  main  oceans  of  the  ^obe  in  one  continuous  track 
€i  island,  atoll,  and  lagoon.  The  duration  of  the  Mid-tertiary  age, 
or  of  the  period  which  commenced  after  the  destruction  of  the  Castel- 
Gorabeito  reds,  and  ended  with  the  grandest  u|^eaTals  of  the  highest 
mountain  masses  in  the  world  snd  the  destruction  of  the  Arctic  bar- 
licrB  of  Forbes  and  Austen  ^,  was  immense  ;  ncTertheless  the  old  and 
ofWepeated  scheme  of  reef-formation  and  grouping  of  genera  and 
species  prevailed  throu^  it,  and  left  its  impress  upon  the  present 
eoral-tracts  of  the  Caribbean  and  the  Indo-Padfie  areas. 

The  Crag. 

The  littoral  and  deep-water  species  of  corals  found  in  the  Crag  are 
either  identical  with,  or  are  Tery  closely  allied  to  forms  now  existing 
in  the  British  seas  and  the  Atlantic  off  the  western  coast  of  Europe. 
The  Pliocene  deposits  of  the  sub-Appenines  and  Sicily  and  those  of 
Malaga  con^in  species  dosely  resembling,  and  some  identical  with, 
those  of  the  deep  water  of  the  Mediterranean,  and  some  found  in 
the  greatest  depths  of  the  seas  to  the  west  of  Europe.  There  were 
no  ree&  on  the  European  area,  and  the  Belgian  Crag  tells  the  same 
story  as  oura.     The  reefs  were  where  they  now  are. 

Tliere  was  probably  very  little  difference  between  the  general  cha- 
racteristics of  the  seas  of  North-west  Europe  during  the  Crag-time 
and  the  present. 

XI.  CoircLuaioirB. 

Tlie  oldest  Mesosoic  reeft  appear  to  hare  been  formed  upon  the 
same  plan  as  those  which  succeeded  them  through  the  consecutive 
geological  ages ;  and  aU  had  the  same  general  grouping  of  families, 
genera,  and  shapes  which  prevails  in  every  modem  reef.  The 
sdlieme,  which  was  feebly  represented  in  the  oldest  reefs,  became 
more  fiiUy  devdoped  in  the  Oolitic  period,  and  was  as  perfect  during 
the  Kummnlitie  age  as  it  is  now.  The  faunas  of  the  consecutive 
ree6  rarely  had  species  in  common,  but  the  genera  were  most  con- 
ctont  and  persistent.  Certain  coralndiapes  and  methods  of  growth 
and  of  reprodnction  prevailed  during  the  whole  of  the  periods ;  and 
there  is  a  fair  inference  to  be  drawn  that  the  external  physical 
conditions  which  now  are  absolutely  necessary  for  the  formation  and 
persistence  of  great  aggregations  of  corals  were  present  during  the 
Mesosoic  and  Cainozoic  periods. 

These  physical  conditions  have  a  ge(^Tapfaical  importance ;  and 
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the  same  disposition  of  isUnds,  deep  and  shallow  seas,  with  remote 
continental  spaces  and  rivers,  which  now  prevails  in  the  ooral-areas, 
must  be  suggested  to  have  existed  in  the  reef-bea]:ing  seas  of  the 
past.  The  simplicity  of  the  physical  conditions,  and  their  continu- 
ance on  some  one  area  during  all  ages,  offer  an  explanation  whj  the 
species  and  genera  of  the  ree&  and  deep  seas  are  respectively  so  re- 
presentative and  so  evidently  formed  upon  one  definite  plan. 

There  are  relations,  which  can  only  be  hinted  at  in  this  communi- 
cation, between  the  floras  and  the  reptilian  and  mammalian  faunas 
of  present  coral-areas  and  those  of  the  past.  But  the  persistence  of 
coral-seas,  with  intervals  of  deep  seas  and  altered  physical  conditions, 
during  the  liassic,  Oolitic,  and  Cretaceous  ages,  for  instance,  may 
explain  the  singularly  defective  mammalian  fauna,  and  the  charac- 
teristic nature  of  the  reptiles  of  the  strata  that  contain  a  flora  so  re- 
presentative of  the  Equatorial  coral-seas. 

The  first  land-surface  of  the  Trias  in  western  Europe  became,  in 
some  localities,  a  sea,  and  a  coral-sea ;  and  before  the  end  of  the 
period  a  great  upheaval  took  place,  and  a  second  coral-^sea-rthe  re- 
ult  of  subsidence — was  formed.  A  deep  sea  in  the  north  and  reefs 
in  the  east  of  the  area  followed,  after  the  prolongation  of  a  stationary 
condition  of  some  Triassic  surfaces,  and  after  an  upheaval  of  others. 
The  reefs  of  the  Lower  Lias,  so  evidently  representative  of  those  of 
St.  Cassian,  were  partly  contemporaneous  with,  and  partly  successive 
to,  the  deep  seas  of  the  Rhsetic,  which  may  be  regaled  as  an  inter- 
calated series.  Europe  was  a  coral-reef  area  during  the  Lower  Lias  ; 
but  great  bathymetriciEd  alterations  then  occurred,  and  consecutive  but 
very  closely  allied  coral  faunas  appeared  on  it.  The  Upper  Has  wit- 
nessed the  culmination  of  those  alterations  which  were  destructive 
to  the  reef-faunas.  The  Oolitic  coral-seas  which  followed  bad  a 
coral  fauna  closely  allied  to,  and  representative  of,  the  Lower  Liassic, 
although  a  great  break  had  occurred  in  the  European  area  between 
the  periods.  All  the  peculiar  physical  conditions  returned,  and 
persisted  longer  on  the  Continent  than  in  the  space  now  occu- 
pied by  England.  Coral  formation  after  coral  formation  appeared 
and  gave  way  to  the  overwhelming  results  of  altered  sea-depth ;  but 
throughout  the  period  the  character  of  the  fauna  altered  but  little. 
The  Neocomian  period  had  a  reef-bearing  sea  in  the  Central-European 
space,  and  deep  and  shallow  waters  on  our  area.  The  physical  break 
which  occurred  between  the  Coral  rag  and  the  Neocomian,  witnessed 
the  destruction  of  coral-life  over  lai^e  areas ;  but  the  two  faunas 
were  nevertheless  closely  allied  and  representative. 

The  Green  Sands  and  White  Chalk  of  the  north-west  of  Europe 
were  deposited  in  increasingly  deep  seas,  whilst  the  reefs  were  in  full 
force  in  Central  Europe.  The  affinities  of  the  reef-builders  of  this  age 
were  not  with  the  corals  of  the  Gault,  but  with  those  of  the  Neoco- 
mian ;  and  the  deep-sea  forms  were  somewhat  representative  of  those 
of  the  very  uncoraUiferous  deep  seas  of  the  Gault. 

The  great  break  between  the  Cretaceous  and  Nummulitic  strata  in 
Europe  is  well  appreciated  by  all  geologists ;  and  the  opinion  of 
Forbes  and  Austen,  that  the  Tertiary  seas  of  Europe  washed  a  great 
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group  of  ifllaiids,  receives  additional  force  from  the  atady  of  the  sue- 
ceasive  reef-areaa  of  the  Nnmmulitie,  Oligocene,  and  Miocene  periods. 
The  first  of  these  contained  a  coral  fauna  which  was  as  representative 
of  that  of  the  Cretaceous  reefs  as  this  was  of  the  Oolitic ;  and  thus 
there  is  another  example  of  the  remarkable  return  of  closely  allied 
forms  to  the  same  area  after  great  alterations  in  its  physical  geo- 
graphy had  occurred.  The  Oligocene  and  Miocene  reefe  were  the 
last  on  the  European  area ;  and  the  present  deep-sea  coral  fauna 
of  Uie  Mediterranean,  North  Sea,  and  north-eastern  Atlantic  is  re- 
^esentative  of  the  deep-sea  coral  feiuna  of  the  White  Chalk. 

The  alliances  between  the  consecutive  coral  faunas  which  were 
separated  by  deposits  containing  the  evidences  of  conditions  most 
nn&vourable  to  coral-life  indicate  that  there  has  been  an  unbroken 
aeries  of  reef-areas  within  the  scope  of  the  emigration  of  Madrepo- 
rarian  ova  ever  since  the  Trias.  Sometimes  the  reef-bearing  seas 
were  on  the  European  area ;  and  then  it  probably  resembled,  in  its 
geography  and  natural  history,  a  modem  coral-sea.  At  others  the 
physical  conditions  which  characterize  the  ezistiog  state  of  things 
prevailed ;  and  then  the  coral-tracts  were  remote,  and  either  deep-sea 
forms  existed  or  none  at  alL  Doubtless  the  continental  land  was 
very  persistent  in  Northern  Europe,  and  the  Arctic  sea  was  shut  out 
until  the  termination  of  the  Mid-tertiary  age.  The  land  probably 
often  encroached  upon  the  coral  tracts,  and  determined  their  partial 
or  entire  destruction. 

Its  influence  may  have  been  Hke  that  of  the  American  continent 
upon  the  Caribbean  Sea.  During  the  Miocene,  Trinidad  was  a  vase 
reef,  hung  on  to  the  older  Parian  hOls,  which  were  submerged  and 
far  away  from  land,  and  it  was  one  of  a  series.  But  as  the  South- 
American  coast  uprose  and  the  drainage  of  the  new  continent  was 
poured  out  through  the  valley  of  the  Onnoco,  so  great  a  mass  of  fresh 
water  and  muddy  sediment  contaminated  the  Trinitatian  area,  that 
hardly  any  corals  grew  around  its  old  reefs  after  they  they  had  been 
upheaved  in  common  with  the  Miocene  deposits  of  the  Caribbean 
Sea.  A  short  distance  to  the  north,  however,  the  new  coral  fauna 
encircles  the  old. 

DiSCTTSSION. 

Prof.  Alexandeb  Aoassiz  accounted  for  the  circumscribed  area  of 
many  corals  in  the  Atlantic  from  the  young  of  many  coral  species 
attaching  themselvea  within  a  few  hours  of  their  becoming  pelagic. 
He  traced  to  the  great  equatorial  current  which  must  have  traversed 
tile  Isthmus  of  Panama  and  the  Sahara  in  a  precretaceous  period 
the  distribution  of  certain  forms,  which  the  rising  of  the  Isthmus 
of  Panama  eventually  checked.  He  mentioned  the  formation  of 
a  reef  at  the  present  time  off  the  coast  of  Florida,  which  threw  light 
on  the  manner  in  which  mudflats  were  formed,  and  the  sea  eventually 
fined. 

Mr.  Gwnr  Jeppbsts  objected  to  the  term  "  deep  sea "  being  ap- 
plied to  a  depth  of  10  fathoms  only,  when  the  tide  in  some  places 
rose  to  that  extent,  and  the  laminarian  zone  extended  to  15.    He 
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suggested  50  fathoms  as  a  more  appropriate  measure.  He  remarked 
on  the  great  vertical  range  of  some  simple  corals,  such  as  Caryo- 
pht/lUa  Smiihii,  which  extends  from  low-water  mark  to  at  least 
150  fathoms.  In  deep-sea  water  it  is  frequently  attached  to 
various  shells,  especially  Ditrypa  and  AporrhiU.  Another  simple 
ooral  of  our  seas,  DetmophyUum  (JJloeya^vui)  arctieum,  had  not  beea 
found  at  a  depth  of  less  than  75  fiathoms.  Compound  corals  ooonrred 
only  at  considerable  depths. 

Dr.  BuNCAjr  drew  a  distinction  between  oorai-reef  areas  and  those 
in  which  different  conditions  prevailed.  His  argument  had  not  so 
much  been  based  on  the  depth  of  the  sea  as  on  the  pre8ence.or  other- 
wise of  coral-reefs.  The  term  de^  sea  had  been  given  by  Prof. 
Forbes  to  depths  of  10  fathoms  and  upwards.  For  such  depths  as 
those  explored  at  the  present  day  no  term  short  of  **  abyssal"  was 
q>propriate. 


Dbcbicbeb  8, 1869. 

Charles  E.  De  Ranee,  Esq.,  of  the  Geological  Survey  of  England 
and  Wales ;  John  E.  Taylor,  Esq.,  Hon.  Secretary,  Norwich  Geolo- 
gical Society,  Bracondale,  Norwich ;  Rev.  George  Henslow,  M.A., 
F.L.S.,  St.  John's  Parsonage,  St.  John's  Wood,  N.W. ;  C.  J.  A. 
Meyer,  Esq.,  8  Church  Buildings,  Clapham  Common,  S.W. ;  J. 
Harper,  Esq.,  Claremont  House,  Chaucer  Road,  Dulwich,  S.E. ; 
John  Yeats,  LL.D.,  Clayton  Place,  Peckham,  S.E. ;  J.  S.  Holden, 
M.D.,  Glenarm,  co.  Antrim ;  David  Robertson,  £^.,  4  Regent's 
Park  Terrace,  Glasgow;  Walter  Buller,  Esq.,  F.L.8.,  Wanganui, 
New  Zealand ;  and  J.  H.  Collins,  Esq.,  Royal  Institution  of  Corn- 
wall, Truro,  were  elected  Fellows  of  the  Society, 

The  following  communications  were  read : — 

1.  NoUs  on  the  Brachtofoda  hitherto  obtained  from  the  "  Pbbblb- 
bed"  of  Bttdlbioh-Salterton,  near  Exxouth,  in  Devonshirb. 
By  Thoicas  Davidsow,  Esq.,  F.R.S.,  F.G.S.,  &c.* 

(Platbs  IV.-VI..) 

iFTBOnrCTIOW. 

Ov  the  16th  of  December,  1863,  Messrs.  W.  Vicary  and  J.  W.  Salter 
made  an  important  communication  to  the  Geological  Society  on  the 
"pebble-bed"  at  Budleigh-Salterton,  wherein  some  thirty-six 
different  fossils  were  described  and  illustrated;  of  these,  ten  or 
twelve  were  Brachiopoda. 

Since  that  period  Messrs.  Vicary,  Valpy,  Edgell,  Box,  Winwood, 

*  This  paper  wm  read  at  the  Exeter  meeting  of  the  British  Inociation,  in 
August  1869,  but  has  subeequently  undergone  considerable  rerision. 
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and  others  have  been  zealonalj  at  work  collecting  additional  infor- 
mation, and  every  specimen  that  might  assist  in  detennining  the  age 
of  the  rock  from  which  these  drifted  pebbles  were  derived  has  been 
earefnlly  preserved*. 

The  Brachiopoda  were  transmitted  to  me  at  various  times  for 
examination.'  I  have  studied  and  compared  them,  so  far  as  this  was 
compatible  with  the  preservation  of  the  specimens.  These  fossils 
ocenr  in  the  shape  of  internal  casts  and  external  impressions  only ; 
but  by  the  aid  of  gutta-percha  it  was  often  possible  to  reproduce 
the  external  as  well  as  the  internal  surface  of  both  valves,  and  thus 
describe  and  figure  the  entire  shell  in  as  complete  a  manner  as  if  taken 
from  the  sea.  There  are,  however,  a  number  of  species  which  have 
occurred  but  once,  or  very  rarely,  and  in  so  incomplete  a  state  of 
preservation  that  it  has  frequently  been  impossible  to  arrive  at  a 
decided  or  satisfactory  specific  identification ;  and  in  such  a  difficult 
problem  as  the -age  of  these  pebbles  at  Budleigh  Salterton,  one  can- 
not be  too  cautious  in  the  identification  of  the  fossils  which  they 
contain. 

After  the  careful  examination  of  several  hundred  specimens,  I 
have  been  able  to  recognise  from  thirty-seven  to  forty  species  of 
Brachiopoda,  besides  many  fossils  referable  to  other  classes.  Of 
some  of  the  former,  descriptions  have  already  been  published  in  my 
Monograph  of  Silurian  Brachiopoda. 

The  rock  or  pebbles  containing  these  fossils,  as  described  by  Mr. 
Yicary,  **  is  generally  a  Sandstone,  but  sometimes  so  compact  aa  to 
assume  a  quartzite  character."  The  colour  of  the  rock  is  very  varia- 
ble, being  either  white,  grey,  yellow,  or  more  or  less  strongly  tinted 
with  red.  The  size  of  the  boulders  varies  considerably ;  Qiey  have 
been  completely  rounded  and  polished  by  the  action  of  the  waves 
over  a  rough  bottom;  and  a  comparatively  small  number  83em  to 
contain  fowils.  The  pebble-bed,  on  the  coast,  in  its  thickest  part,  is 
not  much  more  than  100  feet  thick ;  it  caps  a  ridge  of  hills  running 
inland  to  the  north  full  twelve  miles,  extending  down  both  sides  of 
these  hills,  in  some  places,  to  the  extent  of  three  or  four  miles. 
Most  of  the  fossils  are  found  near  the  coast ;  and  I  am  informed  that 
some  few  have  been  likewise  met  with  in  the  Straightway  pits, 
where  pebbles  are  broken  for  the  roads ;  but  none  were  ever  found 
in  that  locality  by  Mr.  Vicary.  The  pebbles  are  largely  distributed 
with  flints  in  the  gravel-beds  of  the  neighbourhoodf. 

From  the  appearance  of  the  pebbles  and  their  accumulation  in  the 
eliff  at  Budleigh-Salterton  and  in  other  spots,irrespectivelyof  theirfos- 
sil  contents,  it  would  be  natural  to  arrive  at  the  conclusion  that  they 
all  belong  to  a  rock  of  the  same  age,  transported  thither  at  a  period 
subsequent  to  its  formation ;  and  this  view  is,  rightly  or  wrongly, 
entertained  by  several  geologists.  It  has  been  likewise  asked : — How 
can  fragments  of  rock,  varying  in  age,  be  accumulated  in  the  same 
pebble-bed  ?  They  could  not  have  come  from  different  localities ;  and  if 

*  The  discovery  of  by  far  the  largest  number  of  speeies  is  due  to  Mr.  Yicaiy. 
t  See  also  a  paper,  by  Mr.  Pengellj,  "  On  the  Denudation  of  Bocks  in  Devon- 
shire/' 
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from  the  same,  has  there  ever  been  a  case  observed  where  rocks  con- 
taining Devonian  fossils  overlie  Silurian  ones  with  Silurian  fossils,  the 
matrix  being  the  scime  in  both  cases*?  The  question  is  difficult  to 
answer ;  but  when  we  examine  the  contents  of  these  "  pebbles  "  (or 
"popples,"  as  they  are  locally  designated),  it  is  not  easy  to  suppose 
them  of  the  same  age,  if  our  identification  of  the  fossils  is  correct, 
because,  so  far  as  I  know,  in  no  locality  hitherto  investigated  has 
such  an  assemblage  been  exhibited ;  but  I  would  again  remark  that 
were  we  not  positively  assured  by  Messrs.  Eouault,  Salter,  and  De 
Yerneuil  that  three  or  four  of  the  Brachiopoda  are  in  reality  Lower- 
Silurian  fossils,  it  would  not  be  very  difficult,  I  think,  to  refer  most 
of  them,  if  not  all,  to  a  single  i>eriod.  None  of  the  rocks  known  in 
England  have,  however,  presented  a  similar  fauna;  nor  have  the 
red  sandstone  and  quartzite  beds  of  May  and  Eengrolles  in  Nor- 
mandy, any  more  than  those  described  by  M.  Bouault  in  Brittany, 
fiimished  more  than  a  very  small  proportion  of  the  species  found  in 
the  Budleigh  pebbles.  Mr.  Vicary  seems,  however,  to  believe  that 
they  may  have  been  derived  from  a  nearer  source,  and  that  they 
once  formed  a  beach  in  the  New  Bed  Sandstone  sea,  similar  to  that 
of  the  Chesil  bank  near  Portland ;  but  we  have  no  evidence  of  this 
that  I  can  collect  in  the  Channel ;  and  even  if  such  a  bed  did  exist, 
it  would  not  clear  away  the  difficulty  connected  with  the  presence 
of  fossils  of  two  distinct  periods  (?).  It  has  been  suggested  that  a 
great  similarity  exists  between  the  Budleigh  fossils  and  those  de- 
scribed by  Messrs.  Bibeiro  and  Sharpe  from  the  Serra  de  Bussaco, 
in  Portugal  t;  but  I  could  not  identify  with  certainty  a  single  species 
of  Brachiopoda  as  common  to  the  Portuguese  locality  and  that  of  Bud- 
leigh Salterton.  It  is  true  that  those  authors  state  that  the  lowest 
division  of  the  Silurian  system  in  Portugal  is  composed  of  quartzites, 
micaceous  sandstones,  &c.;  but  I  can  hardly  suppose  that  any  of  the 
Budleigh  boulders  were  drifted  from  that  locality.  A  mystery  still 
hangs  over  the  derivation  of  these  boulders,  nor  can  I  account  for 
the  supposed  and  extraordinary  mixture  of  Silurian  and  Devonian 
forms  in  the  same  locality ;  but  I  must  place  a  reserve  on  the  above 
statement,  and  qualify  my  meaning — namely,  that  although  in  this 
''  remani^  **  deposit  there  appears  to  exist  an  assemblage  of  species 
peculiar  to  two  distinct  epochs,  this  melange  does  not  seem  to  occur 
in  the  same  pebble;  on  the  contrary,  every  individual  boulder 
contains  specimens  referable  either  to  the  one  or  to  the  other  epoch ; 
80  that  no  melange  has  been  hitherto  detected  in  the  same  pebble,  or 
existed  in  the  parent  rock.  It  is  to  my  mind  quite  certain,  (and  I 
am  supported  in  this  opinion  by  M.  de  Yememl)  that  those  boulders 
which  contain  Spirifera  Vemeuilii^  Bhynchonella  inauriia,  Strepto- 
rhynchus  crenisti  ia,  Productus  Vicaryi,  Chonetes,  <fec.  are  of  Devonian 
age ;  consequently  all  other  forms  that  occur  in  the  same  mass  of 
rock  along  with  these  must  necessarily  belong  to  the  same  jicriod. 

*  We  all  know  that  oonfflomerates  containing  fragments  of  rock  of  di^erent 
ages  have  been  met  with  m  several  places.  It  is  Sie  matrix  being  the  same 
that  causes  the  difficulty. 

t  Quart.  Joum.  Geol.  See.  vol.  xx.  p.  136,  1853. 
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There  cannot  be  the  smallest  iincertainty  as  to  the  identification  of 
the  Spirifera  Vememlii  and  Prodtietus  above  named,  althoDgh  Mr. 
Salter  had,  in  1863,  proposed  for  the  first  the  designation  of  Spirifer 
antiquissimus,  and  for  the  second  that  of  Leptana  Viearyi ;  bnt  I 
know  that  my  distingnished  friend  was  willing  to  admit  haying  been 
misled  from  supposing  the  pebbles  in  question  to  be  of  Lower-Silurian 
age,  wherein  no  ProdiuUiu  has  ever  been  detected.  Mr.  Salter  had, 
however,  in  1863,  hinted  at  the  possibility  of  some  Devonian  species 
or  pebbles  having  been  introduced  into  the  Budleigh  deposit,  which 
he  alludes  to  in  lus  description  of  the  so-called  Spinfer  antiquissimus, 
as  well  as  of  the  Bhynchondla  (R,  inaurita,  Sandb.)  which  occurs 
abundantly  along  with  Spirifera  VemeuHii  in  so  many  of  the  boulders. 
Unless,  therefore,  we  are  disposed  to  admit  that  these  Devonian  species 
did  live  also  in  the  Lower-SUurian  period(which  we  have  no  direct  evi* 
dence  to  support),  we  are  unavoidably  led  to  conclude  that,  with  very 
few  exceptions,  the  Brachiopoda  found  in  the  Budleigh  pebbles  are  of 
Devonian  age,  and  that  the  few  Silurian  ones  are  the  exception,  not 
the  rule,  in  the  accumulation  of  boulders  in  that  remarkable  locality. 

If  we  can  with  certainty  determine  the  age  of  the  last-named 
species,  we  shall  find  considerably  more  difficulty  in  dealing  with, 
or  positively  fixing  the  age  of  those  few  species  that  have  been  stated 
and  supposed  to  be  Silurian.  In  the  memoir  by  Messrs.  Vicary 
and  Salter,  already  quoted,  which  was  published  in  the  20th 
volume  of  the  •  Quarterly  Journal  of  the  Geological  Society,'  Mr. 
Salter  describes  and  figures  nine  species  of  Brachiopoda  (the  addi- 
tional three  being  synonyms  of  the 'others),  and  refers  them  all, 
more  or  less  positively,  to  the  Lower-Silurian  period ;  but,  as  we 
have  already  shown,  three  or  four  only  are  Silurian,  while  the  remain- 
ing species  are  of  indubitable  Devonian  age. 

It  is  now  of  much  importance  to  examine  with  great  attention 
those  species  said  to  be  Silurian ;  and  I  admit  having  experienced 
the  utmost  difficulty  and  uncertainty  during  the  progress  of  this 
investigation,  and  even  now  entertain  misgivings  upon  the  subject. 

Linffula  Lesueuri  was  found  by  M.  Eouault  at  Guichen,  in  Brit- 
tany, in  a  white  or  bluish  sandstone,  or  (fuartzite,  which  he  refers 
to  the  Lower  Silurian  series,  as  forming  part  of  his  '<Etage  du 
Gres  Armoricain,"  referred  by  Mr.  Salter  to  the  age  of  the  Arenig 
or  Skiddaw  slates  (the  lower  liandeilo  of  Murchison).  When  re- 
cently in  Paris,  M.  de  Yemeuil  assured  me  that  he  and  M.  Triger 
had  discovered  the  same  shell  in  the  *<Gr^  k  Bilobites"  of  St. 
Leonard,  Sarthe — ^the  rock  being  situated  under  the  slates  of  Angers 
(Lower  Liandeilo  flags),  and  Lingtda  HawJeei  (Rouault)  and  L.  Eou- 
aidti  being  of  a  similar  age.  We  have  likewise,  as  one  of  the  most 
abundant  fossils  of  these  supposed  Silurian  pebbles,  a  small  Orthis, 
which  Mr.  Salter  identified  with  the  0.  redux  of  Barrande.  I  will 
not  positively  assert  that  Mr.  Salter  was  mistaken ;  but  a  lengthened 
oomparison  of  many  of  the  Budleigh  specimens  with  the  two  figures 
given  by  Barrande  has  led  me  to  think  that  they  may  be  specifically 
distinct,  and  that  the  Budleigh  shell  is,  perhaps,  of  Devonian  age. 
It  is  true,  again,  that  a  small  OrthiSy  somewhat  resembling  the 
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Budleigh  speciesy  occurs  abundantly  in  the  reddish  sandstone,  or 
quarbzite,  of  May,  near  Caen,  in  Normandy,  a  rock  referred  by  most 
geologists  to  the  Caradoc,  and  asserted  by  Mr.  Salter  to  lie  above  the 
Armorican  Sandstone  with  Lingtdu  Lesuewri — ^a  formation  seemingly 
part  of  the  great  slaty  series  of  Angers,  therefore  far  underlying  the 
May  sandstone ;  he  farther  adds,  "  In  brief,  then,  the  mass  of  the 
BudJeigh-Salterton  fossils  are  Norman  types  of  the  May  Sandstone, 
and  some  belong  to  the  *Gr^  Armoncain;'  several  of  the  species  have 
been  already  named  in  France,  and  some  of  the  more  conspicuous 
shells,  though  apparently  undeschbed,  are  characteristic  of  the  rocks 
on  both  sides  of  the  Channel."  I  must  nevertheless  observe  that 
very  few  of  the  forty  species  of  Brachiopoda  found  at  Budleigh-^ 
Salterton  have  hitherto  been  obtained  from  the  Middle  and  Lower 
Silurian  rocks  of  Normandy  and  Britain*.  Mr.  Yicary  has  never 
yet  found  Orthis  redux  ?,  var.  budleighensis,  associated  with  Lingnla 
Lesueuri ;  indeed  very  rarely  do  we  find  this  last-named  sheU  in 
company  with  other  Brachiopoda  in  the  same  pebble.  It  is, 
moreover,  not  easy  to  be  certain  about  the  correct  identification  of 
some  of  the  incomplete  internal  casts  and  impressions  of  the  Bud- 
leigh  species  of  Orthis  and  Strophomena,  which  may  be,  most  pro- 
bably, Devonian  forms ;  so  much  do  the  species  of  those  genera  in 
the  two  periods  sometimes  resemble  each  other,  notwithstanding 
their  specific  distinctness. 

Now,  as  it  is  quite  certain  that  all  the  species  found  in  the  same 
pebble  with  one  or  more  of  those  forms  believed  to  be  correctly 
determined  must  be  of  the  same  age,  we  shall  find,  as  far  as  our 
present  imperfect  knowledge  will  carry  us,  that  only  three  or  four 
of  the  species  of  Brachiopoda  have  been,  with  s<»ne  degree  of  cer- 
tainty, referred  to  the  Lower-Silurian  period ;  while  eight  or  nine, 
supposed  to  be  Silurian,  and  which  have  occurred  in  the  same  stones 
with  Orthis  redux,  Barr.  ?,  var.  budleighensis,  must  remain  for  the 
present  of  undetermined  age,  although  they  possess  much  more  of 
the  Devonian  than  of  the  Silurian  facies.  Twelve  or  thirteen  are 
unquestionably  Devonian  shells,  while  the  remaining  fourteen,  either 
being  new  or  not  having^  hitherto  oocurred  or  been  found  with  any 
of  those  already  recorded  as  Silurian  or  Devonian,  cannot  yet  with 
certainty  be  correctly  located ;  but  they  seem,  to  my  eye,  to  pos- 
sess in  most  cases  a  very  decided  Devonian  aspect. 

It  is  highly  probable  that  when  the  species  of  the  other  classes 
also  occurring  in  these  pebbles  shall  have  been  carefuUy  and  criti- 
cally examined,  the  true  age  of  the  fossils  generally  will  be  esta- 
blished, as  the  whole  series  must  be  taken  into  consideration  before 
we  can  expect  to  arrive  at  any  definite  conclusion.  But  all  tends  to 
show  that  the  great  bulk  of  the  fossiliferous  pebbles  at  Budleigh- 

*  Mr.  6k>dwin-Aa8ten  informB  me  that  he  beUevee  theee  boulders  to  be  of 
French  origin,  and  that  he  knowa  of  a  pobble-band  belonging  to  the  New  Red 
serieB  in  Normandy,  identical  with  that  at  Budleigh — but  that  if  I  aak  whence 
do  the  pebbles  come,  and  where  is  the  parent  rook^  he  must  answer  that  he  does 
not  know,  but  that  in  Lower  Normandy  the  palieosoic  series  is  not  well  expoeec} 
and  has  been  much  denuded. 
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Salterton  are  of  Devonian  age ;  and  I  am  glad  to  be  able  to  add  tiiat, 
after  having  examined  my  drawings  and  heard  my  views,  Mr.  Salter 
had,  both  by  word  and  letter,  frankly  admitted  having  been  mis- 
taken when  he  referred  all  the  fosailiferoua  pebblea  at  fiudleigh  to 
the  Lower-Silmian  period*. 

SUurian  Species  (according  to  Rooault  and  Salter). 

1.  lingalA  Lesueuri  (Bouault).    Not  very  rare. 

2.  Bouaulti  (Salter).    Not  veory  rare. 

3.  Hawkei  (Bouault),    Not  very  rare. 

Species  of  which  the  age  is  not  certain  ;  all  occur  in  the  same  rock. 

4.  Ortfais  redox  {Barr.J\  Tar.  budleighensis  {Dav^.    Yerj  abundant. 
6.  Valpjana  (i>atr.).    Not  rerj  rare. 

6l  Yicarji  (Dav.).    Not  common. 

7. Berthoisi,  SouauU?^  Tar.  erratica  (Dav.).    Not  very  rare. 

8l  Spirifera  ociopUcata  (Sow.),  or  S.  eleTata  (Ddm,)?    Not  oommon. 
9.  luiynchonella?  ovalis,  Dav.    Not  oommon. 

10.  Terebratula  ?.  sp.  ?    Very  rare. 

11.  Strophomena,  sp.  ?    Bare. 

DetMmian  Species. 

12.  Spirifera  Temeuilii  (Murch.).    y^rj  common. 

13. macroptera,  Tar.  microptera  {Qalclf.),    Bare. 

14.  Atfayris  budleigheneiB  (Dav.).    Bare. 

15.  Atvypa,  sp.  (perhape  reticularis).    Bare. 

16.  BhyncboneUa  inaurita  (Sandb.).    \eirf  abundant 

17.  elliptica  (Schnurr^).    Bare. 

18.  —- —  Vicaryi,  vatf.    Not  common. 
19. ,  sp.  ?    Bare. 

20. ,  ap.?    Bare. 

21.  Streptorhynohus  crenutria  (PM.).    Bare. 

22.  Prodoctos  Yicurri  (Salter).-    Common. 

23.  Chonetee,8p.    Kare. 

Spedes  presenting  a  Devonian  facies,  but  whoH  positive  age  cannot 
yet  he  correctly  decided. 

24.  lingula?  Salteri  (Dav.),    Not  oommon. 

25.  Discina  Yicaiyi  (Dav.).    Not  oommon. 
26^  incerta  (Z^av.).    Bare. 

27.  ?  BdgeUi  (Dav.),    Bare. 

28.  Crania  transTerea  (Dav.),    Bare. 

*  In  a  reiy  interesting  memoir  "  On  the  Lower  Silurian  formattoni  in  the 
Department  of  the  Mancne  in  France"  (M^moires  de  la  Soc.  Imp.  dee  Sciences 
de  Cberbouri^,  toI.  iz.  1863),  M.  Boniseent  notices  beds  of  Bed  Sandstone,  or 
quartzite,  which  in  many  localities,  carefully  deecribed  bv  bim,  contain  OrtMs 
rtdux,  O,  Berthoin,  O^Davidd,  0,  Damjoui^  and  a  large  undescribed  spedes  of  the 
ame  genus  aseodated  with  Cafymene  Tnetani^  Dalmanitee  tocialie,  &o.  Theee 
■mdstones  are  considered  bj  him  to  be  equiTalents  of  the  Qr^  de  May,  near 
Cben,  In  Normandy.  The  O.  redtue  occurs  in  the  Department  of  the  Manche, 
and  not  far  from  Cherbourg,  both  in  quartzites  and  in  echists  which  the  author 
refers  to  the  "iaune  seconde**  of  Barrande,  or  stage  of  the  schists  of  Angers.  If, 
consequently,  our  little  Budleigh  species  agrees  specificallj  with  Uie  form  so 
named  by  M.  Bonissent,  the  eight  spedes  occurring  along  with  it  in  the  same 
rock  or  pebble  at  Budleigh  Salterton,  will  haTo  to  be  considered  Silurian.  M. 
Bonissent  mentions  likewise  the  presence  of  Lingula  resembling  L,  Lesueuri 
in  some  of  the  sandstone  beds  of  the  same  Department. 
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20.  Athjris  ?  inoerta  (DavX    Bare. 

30.  erratica  (Dav.),    Bare. 

31.  Nudeospiia  Yicaryi  (Din,).    Not  oommoa. 

32.  Orthifl  pulyinata  {Stuter),    Not  common. 

33.  Strophomena  Bouaulti  (Dav.).    Bare. 

34.  Etheridgii  (Dav.).    Bare. 

35.  Edgelliana  (Dav.).    Bare. 

36.  Vicaryi  (Dav.).    Ban. 

37.  — ^-  budlein^ensb  (Dav.).    Bare. 

And  two  or  three  more  species^  not  sufficiently  complete  for  specific 
identification. 

Notes  on  and  Descriptions  of  tkb  Species. 
1.  LiNouLA  Lesttbitbi  (Bouault).     PL  lY.  fig.  1. 
Boll.  Soc.  Geoi.  de  France,  toI.  vii.  2nd  ser.  p.  727,  1850 ;  Salter, 
Quart.  Joum.  Geol.  Soc.  vol.  xz.  p.  292,  pL  xvii  fig.  1 ;  Dav. 
Sil.  Mon.  p.  42,  pi.  i.  figs.  1-11. 

This  curious  species  has  been  correctly  described  and  illustrated 
by  Mr.  Salter  and  myself.  I,  however,  much  regret  that  M.  Bouault 
did  not  figure  his  French  type.  It  varies  considerably  in  its  compara- 
tive length,  so  that  the  sides,  instead  of  being  always  subparallel, 
sometimes  diverge  at  once  from  the  beak  to  the  fh)ntal  maigin ;  and  it 
might,  under  that  aspect,  be  readily  mistaken  for  a  distinct  species. 
L.  Lesueuri  was  foimd  in  situ  by  M.  Renault  in  the  Lower  SUuiian 
(Lower  Uandeilo),  at  Guichen,  in  Brittany,  and  by  MM.  £.  de  Yer- 
neuil  and  Triger  at  St.  Leonard,  in  the  Department  of  the  Sartlie. 
It  is  not  very  rare  at  Budleigh-Salterton,  and  was  once  found  by 
Mr.  Vicary  associated  with  Rhynch,  Vicaryi.  The  Rev.  P.  B.  Brodie 
mentions  having  picked  it  up,  as  well  as  Orthis  redtuv,  var.  Btid- 
leighensis  (but  separately),  in  quartzite  or  sandstone  pebbles  similar 
to  those  discovered  by  Mr.  Yicary,  in  the  drift  at  Rowing^n,  in  War- 
wickshire. The  sheU  which  approaches  most  to  L.  Lesueuri  is  the 
L.  Bechei  from  the  Upper  Llandovery  of  Marloes  Bay. 

2.  LiNGULA  RoxrATJLTi  (Salter).     PI.  IV.  fig.  2. 

Quart.  Joum.  Geol.  Soc.  vol.  xx.  p.  293,  pi.  zvii.  figs.  4  &  5 ; 
Dav.  Sil.  Mon.  p.  40,  pi.  i.  figs.  14-20. 

This  is  a  very  remarkable  species,  and  has  been  described  and 
illustrated  by  Mr.  Salter  and  myself.  I  have  seen  French  examples 
in  the  collection  of  M.  £.  de  Yemeuil  which  agree  with  ours,  but 
the  shell  seems  to  have  attained  somewhat  lai^r  proportions  in  the 
'*  Annorican  Grit "  of  Brittany.  Certain  specimens  bear  much  resem- 
blance to  Lingula  crumena,  Phillips,  with  which  it  might  sometimes 
be  confounded.  L,  Rottatdti  is  a  Lower-Silurian  species  and  not  very 
rare  at  Budleigh-Salterton ;  but  no  other  Brachiopod  has  hitherto  been 
found  associated  with  it  in  the  same  pebble. 

3.  LiNouLA  Hawkei,  Renault     PL  lY.  fig.  3. 

Bull.  Soc.  G^l.  de  France,  2nd  ser.  vol.  vii.  p.  728, 1850 ;  Salter, 
Quart.  Joum.  Geol.  Soc.  vol.  xx.  p.  293,  pi.  xvii.  fi^B.  2  4t  3 ; 
Dav.  Sil.  Mon.  p.  41,  pi.  L  figs.  21-26. 
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lAngula  Brimon^,  Bouault?  (according  to  Salter),  Quart.  Journ. 
GeoL  8oc.  toL  xx.  p.  293,  pL  zyii.  fig.  6. 

I  belieTe  this  shell  to  have  been  eoirectly  identified,  althongh  no 
figure  was  given  by  the  French  palieontologifit  Some  French  ex- 
amples in  the  possession  of  M.  de  Yemenil,  however,  are  much  larger 
and  more  transverse  than  any  hitherto  collected  at  Budleigh.  I  am 
also  of  opinion  that  the  shell  doubtfully  identified  by  Mr.  Salter  as 
L,  Brimonti  (Bouault)  is  no  more  than  a  malformation  of  L.  Bawkei, 
It  is,  according  to  M.  Bouault,  a  Lower-Silurian  species. 

4.  LnroTTUL?  Saltebi,  Dav.    PL  IV.  fig.  5. 
Sil.  Mon.  p.  53,  pi.  i.  figs.  27-29,  1866. 

I  must  here  repeat  what  I  said  when  describing  this  curious  spe- 
cies, namely,  that  whether  it  belongs  to  lAngula  or  OboluSy  or  to  some 
other  genus  is  a  question  which  the  material  at  my  command  wiU 
not  enable  me  to  determine ;  for  none  of  the  specimens  showed  any 
portion  of  their  interior.  It  much  resembles  Lingula  ?  eanlis,  Hall 
(13th  AnniiflJ  Beport  of  the  Begents  on  the  state  of  Cabinet,  p.  76, 
New  York,  1860),  a  shell  occuiring  in  the  Hamilton  group  and 
Marcellus  shale  of  Bridgewater,  New  York.  Prof.  Hall's  specimens 
measured  about  an  in(£  in  length,  while  an  example  of  L.  Salteri 
found  pj  Mr.  Yicary  had  attained  2  inches ;  it  may  tiierefore  remain 
a  question  whether  the  American  and  British  specimens  do  or  do 
not  belong  to  a  single  species. 

Although  figured  and  described  in  my  Silurian  Monograph,  I 
cannot  say  whether  it  is  a  Silurian  or  a  Devonian  species,  as  no  other 
known  shell  has  been  found  v^th  it  in  the  same  pebble.  I  should 
feel  inclined  to  suppose  it  Devonian,  from  its  strong  resemblance  to 
X.  exUu. 

Besides  the  four  species  of  Linffula  above  recorded,  one  (PI.  lY. 
fig.  4)  or  two  specimens,  which  might  perhaps  be  referable  to  another 
type,  have  been  picked  up  by  lAx.  Yicary;  and  of  one  of  these  a 
£awing  will  be  found  in  pi.  i.  fig.  31  of  my  Silurian  Monograph. 

5.  Dtsctfa?  Vicakti,  Dav.     PI.  IV.  fig.  6. 
8U.  Mon.  p.  67,  pi.  vii  fig.  13,  1866. 

Three  or  four  examples  of  this  JDiseina  (?)  have  been  obtained  by 
Mr.  Yicary ;  but,  as  I  have  never  seen  the  attached  valve,  I  cannot 
say  positively  that  it  belongs  to  the  genus  to  which  it  is  provisionally 
referred,  nor  can  I  locate  it  in  either  the  Silurian  or  Devonian 
series  with  any  degree  of  certainty,  because  no  other  known  species 
has  been  found  with  it  in  the  same  pebble. 

6.  DiscDTA  n^CEBTA,  u.  sp.  ?    PL  lY.  ^.  7. 

Shell  nearly  orbicular ;  apex  one-third  of  the  diameter  from  the 
margin;  upper  valve  moderately  convex.  Length  3^,  breadth  3, 
hei^t  1  line. 

This  shell  is  apparently  rare ;  and  it  is  not  possible  to  identify  it 
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specifically  with  any  of  the  described  species,  as  its  external  surface 
is  not  known. 

7.  Dkcina  ?  Edoelli,  n.  sp.    PI.  IV.  fig.  8. 

I  am  uncertain  as  to  the  genus  to  which  this  shell  should  be 
referred ;  in  external  shape  it  looks  like  an  Oholus,  being  almost  cir- 
cular,  much  depressed,  and  smooth.  Length  8,  breadth  9  lines*  As 
it  was  found  alone,  it  is  impossible  to  determine  to  what  formation 
it  should  be  referred.     Two  specimens  were  obtained  by  Mr,  Vicary. 

8.  Cbania  tbaksyebsa,  n.  sp.     PI.  lY.  figs.  9  &  10. 

Transversely  oblong-oval,  widest  anteriorly ;  upper  valve  mode- 
rately convex,  vertex  about  one-third  of  the  length  of  the  shell  from 
the  posterior  margin  ;  surface  smooth  or  marked  by  concentric  lines 
of  growth.  Length  6,  width  7  lines.  Of  this  shell  Mr.  Yicary  has 
fbund  two  examples.  Exteriorly  it  resembles  more  than  one  Devo- 
nian as  weU  as  Carboniferous  species.  The  interior  not  having  been 
found,  it  cannot  be  critically  described ;  but  for  the  sake  of  reference 
I  have  applied  to  it  the  provisional  name  of  transversa.  It  is  in  all 
probability  a  Devonian  shell. 

9.  Tbrebeatula?,  sp.     PI.  IV.  fig.  11. 

Of  this  shell  a  single  valve  has  been  found  by  Mr.  Vicary  in  a 
pebble  containing  impressions  of  an  Orthis  Vi^^aryi.  It  bears  some 
resemblance  to  T,  incequalis,  F.  A.  Eoemer  (Beitr.  zur  Kenntniss  des 
nordwestlichen  Harzgebirge,  pi.  iii.  fig.  3),  a  form  belonging  to  the 
Silurian  Spirifer-sandstone ;  but  it  would  not  be  safe  to  identify 
our  English  valve  with  any  of  the  described  species  of  that  genus, 
nor  am  I  perfectly  certain  that  it  is  referable  to  the  genus  Tere- 
hratula.  It  is  longitudinally  oval,  broadest  and  rounded  anteriorly, 
more  converging  posteriorly,  convex,  and  smooth.  Length  8,  width 
4  lines. 

10.  Spieifbba  VBEKETTiLn,  Murch.     PL  IV.  figs.  19  k  20. 

Bull.  Boc.  Geol.  de  France,  vol.  xi.  p.  252,  pi.  xi.  fig.  3  (6th  April, . 
1840)=/S.  Arehiad  (Murch.) ;  also  Dav.  Dev.  Mon.  p.  23,  pi.  v. 
figs.  1-12,  pi.  vi.  fig.  15=jSf.  disjunda,  Sow.raiS.  anti^uissiinus 
and  S.  Davidis,  Salter,  Quart.  Joum.  Geol.  Soc.  voL  xx.  pp.  296, 
296,  pi.  xvii.  figs.  10-13. 

This  is  one  of  the  commonest  fossils  found  in  the  Budleigh  peb- 
bles, and  is  identical  in  shape  with  those  Upper-Devonian  specimens 
which  occur  so  abundantly  at  Ferques,  near  Boulogne-sur-mer,  and ' 
also  in  Devonshire,  Belgium,  China,  &c.  It  is  found  in  company  with 
S.  maeroptera,  var.  mvlticostaia,  Rhynchofiella  inaurita,  JProdueius 
Vicaryi^  &c.  It  is  also  the  shell  to  which  Mr.  Salter  applied  the 
names  of  Spirifer  antiquissimus  and  S,  Davidis, 

In  the  description  of  this  Spirifera,  Mr.  Salter  seems  very  uncertain 
whether  it  should  be  considered  a  Silurian  or  a  Devonian  fossil ;  for 
he  writes,  "  To  all  appearance  this  is  a  Spirifer,  and  I  am  compelled, 
from  the  structure  of  its  teeth  [dental  plates,  he  should  say]  to  de- 
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scribe  it  a^  such.  But  we  haye  a  British  species  of  Or^it  (0.  ^W- 
feraides),  in  the  Caradoc  Sandatone,  which  exactly  resembles  it  in 
outline  and  conyexity.  Otherwise  I  might  belieye,  with  my  friend 
M.  de  Yernenily  that  it  was  a  Devonian  fossil  introduced  into  these 
beds.  It  would  seem  that  there  is  at  least  one  allied  species  of 
Spiriferva  the  French  Silurian  deposits,  S.  Davidis,  Rouault."  The 
Budleigh  ^>ecie8,  however,  is  quite  distinct  from  OrMs  ?  spiriferoides. 

11.  Spirifera  ICACBOPTEBA,  Goldf.  ?,  var.  microptera,     PI.  IV.  figs. 
21  &  22. 

Shell  semicircular,  much  wider  than  long,  valves  convex,  hinge- 
line  as  long  as  the  width  of  the  shell,  cardinal  angles  acute,  with  mu- 
enmate  wings ;  fold  smooth,  with  a  slight  depression  or  flatness  in  the 
middle ;  lateral  portion  of  valve  ornamented  with  about  twelve  ribs, 
or  twenty-four  on  each  valve.     Length  6,  breadth  15  lines. 

This  shell  is  not  abundant ;  it  has  been  found  once  or  twice  in  the 
same  pebble  with  S.  VemeuUii  and  BhipuhimeUa  inaurita.  I  am  not, 
however,  quite  certain  with  reference  to  the  correctness  of  my  iden- 
tification of  it  with  Goldfhss's  S,  macroptera ;  but  I  know  of  no 
nearer  form  with  which  it  can  be  at  present  compared. 

12.  Spi&ifeba  octoplicata,  Sow.  ?    PL  IV.  ^^,  23. 

In  external  shape  the  Budleigh  specimens  closely  resemble  the 
Devonian  and  Carboniferous  species ;  but  some  examples  are  also  not 
unlike  8.  devata  of  Dalman.  It  occurs  sparingly  in  the  same  rock 
with  a  Stropfiomena,  Ortkis  Vicaryi,  and  two  or  three  other  forms. 
It  differs  also  in  the  respective  number  of  lateral  ribs. 

I  could  make  out  with  certainty  no  more  than  the  three  species 
above  recorded ;  but  one  or  two  imperfect  internal  casts  have  been 
found  which  may  perhaps  belong  to  another  Spirifera, 

13.  NucLVOSPiBA  ViCABTi,  u.  sp.     PI.  IV.  figs.  15-18. 

Shell  transversely  suborbicular ;  valves  moderately  convex,  most 
BO  near  the  beaks.  In  the  dorsal  valve  the  mesial  fold  is  wide  and 
of  small  elevation,  rising  towards  the  front ;  beak  of  ventral  valve 
small  and  incurved;  surface  smooth,  marked  by  a  few  lines  of 
growth.  In  the  interior  of  the  dorsal  valve  the  bifid  cardinal  pro- 
cess projects  considerably,  while  under  it  rises  a  narrow  ridge  which 
extends  to  the  front  and  thus  divides  the  shell  into  two  portions. 
The  muscular  impressions  lie  on  either  side  of  the  posterior  half  of 
this  ridge.  In  the  interior  of  the  ventral  valve  a  mesial  ridge  is 
likewise  present,  which,  as  in  the  dorsal  one,  divides  the  shell  into 
two  eqn^  parts.  On  either  side  are  located  the  muscular  im- 
pressions.    Two  examples  measured  respectively : — 

Length  7,  breadth  9,  depth  2  lines. 
„      5         ,96  lines. 
This  remarkable  species  seems  referable  to  the  genus  NucleogpirOy 
and  approaches,  by  its  size  and  character,  to  N,  elegans,  Hall  (Pal. 
N.  York,  voL  iii.  p.  222,  pi.  xxviii.  B,  figs.  10  &  15).     It  varies  in 
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form — some  examples  being  almost  dicnlar,  while  others  are  trans- 
versely  oval.  JV.  Vicaryi  is  not  rare  in  certain  pebbles,  no  less 
than  thirty-fiye  specimens,  representing  different  ages,  having  been 
found  by  Mr.  Yicary.  It  bears  also  some  resemblance  to  N.  ventri- 
cosa.  Hall,  and  is  probably  of  Silurian  age,  for  it  has  been  found 
associated  with  impressions  of  an  Orthis  much  resembling  0.  redux. 
In  America  N.  degans  belongs  to  the  Lower  Helderbei^  rocks.  An 
allied  form  N,  {S.)pi8um,  Sow.,  is  not  rare  in  our  British  Upper 
Silurian  strata. 

14.  Athtbis  incerta,  n.  sp.  ?     PI.  IV.  fig.  12. 

More  or  less  pentagonal,  rather  wider  than  long;  dorsal  valve 
moderately  convex ;  suiface  smooth,  with  a  broad,  slightly^  produced 
mesial  fold,  flattened  or  depressed  along  the  middle ;  ventral  valve 
convex ;  sinus  shallow.     Loigth  6,  width  8  lines. 

Of  this  species  only  one  or  two  internal  casts  of  the  dorsal  valve 
and  an  external  impression  have  been  met  with  by  Mr.  Yicary ;  it 
is  therefore  impossible,  with  such  scanty  materials,  to  even  hint  at  a 
definite  specific  identification.  It  much  resembles  certain  small  De- 
vonian specimens  of  ^4.  coiicentrica,  and  also  the  Carboniferous  A.  am- 
big%ui,  Sow.  Some  indeterminable  impressions  of  an  Orthis  and  of 
Tentctculites  have  been  found  along  with  it  in  the  same  pebble. 

Internal  casts  of  two  more  species,  perhaps  referable  to  this  genus, 
have  been  found.  They  are  not,  however,  sufficiently  complete  to 
admit  of  being  specifically  determined ;  but,  for  the  sake  of  reference, 
I  must  give  them  a  provisional  denomination. 

15.  Athybis?  btjdleiohevsis,  n.  sp.?     PL  IV.  fig.  14. 

Of  this  species  the  internal  cast  of  a  ventral  valve  has  alone  been 
discovered;  .it  is  almost  circular,  slightly  wider  than  long — no 
markings  being  observable  but  two  slits  in  the  beak,  due  to  dental 
plates.  It  measures,  length  9,  and  width  9|  lines,  and  was  found  by 
Mr.  Vicary  along  with  Spirifera  Vemeuilii  and  Bhynch(meUa  inatuita. 
It  is  consequenUy  a  Devonian  species. 

16.  Athteis?  eeratica,  n.  sp.     PI.  IV.  fig.  13. 

Shell  small,  elongated,  oval ;  valves  moderately  convex.  Length  4, 
width  3,  depth  2  lines. 

The  internal  cast  of  one  specimen  was  found  by  Mr.  Vicary ;  we 
are  not  acquainted  with  its  exterior. 

17.  Khtnchonella  ikaurita  (Saudberger).     PL  V.  figs.  1-3. 
Brach.  rheinischen  Schicht.  in  Nassau,  p.  41,  pi.  xxxiii.  fig.  6, 1855. 
BhynchoneUal^  Salter,  Quart.  Joum.  GeoL  Soc.  vol.  xx.  p.  296, 

pi.  xvii.  fig.  15. 
SubtrigonaJ,  wider  than  long,  both  valves  convex;  dorsal  valve 
gibbous ;  mesial  fold  rising  abruptly  with  greater  or  less  width,  and 
forming  in  profile  a  regular  convex  curve.  In  the  ventral  valve  the 
sinus  is  broad  and  moderately  deep,  extending  from  the  extremity 
of  the  beak  to  the  front;  beak  incurved.     Surface  of  each  valve 
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ornamented  with  firom  sixteen  to  twenty  simple  angular  ribs,  of  which 
from  three  to  six  of  the  largest  occupy  the  fold,  while  from  two  to 
fi^e  farrow  the  sinus,  the  ribs  on  the  lateral  portions  of  the  shell 
being  narrower.     Length  9,  breadth  10,  depth  6  lines. 

In  size,  shape,  and  character  this  shell  entirely  resembles  R,  in" 
aurita^  6andberger.  It  is  also  not  unlike  R,  daleidensis,  Boemer,  and 
E.  liwmica,  v.  Buch,  but  seems  to  be  distinguishable  from  both  by  the 
shape  and  character  of  its  mesial  fold,  which  is  regularly  incurved, 
and  not  recurved  upwards  near  the  front  as  is  the  cose  with  the 
last  two  species.  B.  inaurita  occurs  abundantly  under  the  condition 
of  internal  casts  and  external  impressions,  and  is  associated  with 
Sp.  VemeidUi,  R,  Valpyanaj  Streptorhynchva  crenistria,  Productus 
Vieartfi,  and  Crania  transversa.  It  is  consequently  a  well-defined 
Devonian  spedes,  and  as  such  it  was  identified  by  M.  de  Yerneuil 
m  1863. 

In  his  paper  on  the  Budleigh-Salterton  fossUs  Mr.  Salter  describes 
and  figures  a  single  internal  cast  of  the  dorsal  valve  of  this  species, 
88  well  as  the  cast  of  what  he  takes  to  be  another  species ;  but  as 
the  last-named  specimen  has  been  lost  or  mislaid,  I  could  not  exa- 
mine it,  and  consequently  cannot  express  any  opinion  with  reference 
to  its  daioDLS  as  a  separate  species.  I  will  therefore  simply  reproduce 
Mr.  Salter's  description. 

'*  BhynchoneQa,  sp.,"  Quart.  Joum.  Geol.  Soc.  vol.  xx.  p.  297, 
pi.  xvii.  fig.  14. 

"A  remarkable  fossil,  which,  if  it  were  more  perfect,  should 
receive  a  name.  It  is  singularly  inflated,  both  on  the  sides  and  in 
the  great  dorsal  fold,  which  occupies  one-half  of  the  width,  and  is 
A  inch  long,  and  scarcely  so  wide,  while  the  depth  of  the  single 
aonal  valve  we  possess  is  -^.  The  shape  is  broad- ovate,  the  beak 
much  pointed  and  rather  produced,  the  sides  arched,  inflated,  and 
separated  by  a  rather  broad  depressed  space  from  the  raised  sinus, 
which  has  four  strong  plaits.  The  sides  are  only  faintly  ribbed. 
The  front  is  strongly  incurved." 

18.  RHTlfCHONELLA  BLLIPTICA,  Schuurr  ?      PI.  V.  fig.  4. 

^long  with  R.  inaurita,  another  similarly  shaped  shell  is  occa- 
sbnaUy  met  with,  which  may  perhaps  be  an  extreme  variation 
in  form  of  the  last-named  species,  but  may  be  distinguished  from 
it  by  a  greater  number  of  ribs  on  the  mesial  fold.  It  is  nearly 
circular,  or  a  little  broader  than  long,  and  ornamented  with  about 
twenly-eight  ribs  on  each  valve,  of  which  nine  occupy  a  slightly 
raised  mesial  fold.     Length  8,  width  8^  lines. 

This  is  certainly  a  Devonian  species,  as  it  occurs  in  the  same ' 
boulders  with  R.  inaurita  and  Spirifera  Vemeuilii ;  we  have  provi- 
nonally  identified  it  with  R.  elliptica  of  Schnurr? 

19.  RHTWCHOKEixA.,  sp.  ?    PI.  V.  figs.  5  <fe  6. 

Of  this  species  two  internal  casts  have  been  found  by  Mr.  Vicary ; 
hat,  as  no  external  impressions  accompanied  them,  I  dare  not  attempt 
their  identification.    In  shape  it  is  somewhat  pentagonal,  wider  than 
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long,  with  from  thirteen  to  sixteen  ribs  on  each  Yalve^  of  which  from 
three  to  four  compose  a  moderately  raised  mesial  fold.  It  measures, 
length  7,  width  8  lines.  This  is  a  Devonian  shell,  as  it  oocurs 
with  Spirifera  Vemeuilu. 

20.  Ehtnchoitslla  Valptaka,  n.  sp.    PI.  IV.  figs.  26  &  27. 

Shell  small,  pentagonal,  longitudinally  otsI  or  ovate ;  yalyea  mode- 
rately convex ;  surface  ornamented  with  about  thirteen  simple  ribs, 
of  which  the  three  largest  in  the  dorsal  valve  form  the  mesial  fold. 
Length  5,  width  4,  depth  3  lines. 

Two  or  three  internal  casts  and  an  external  impression  have  been 
found  by  Messrs.  Yalpy  and  Yicary.  It  is,  I  beheve,  of  Devonian 
age. 

21.  Rhtkchovella  Vicakti,  n.  sp.     PL  V.  figs.  7  &  8. 

Shell  small,  somewhat  trigonal  and  compressed,  longer  than  wide, 
broadest  anteriorly,  tapering  at  the  beaks;  front  straight;  valves 
moderately  and  uniformly  convex ;  surface  smooth  to  about  half  its 
length  from  the  beaks.  Each  valve  is  ornamented  with  eight  or 
nine  short  ribs,  of  which  three  or  four  compose  the  fold,  and  two  or 
four  the  sinus ;  beak  small.     LcDgth  5|,  width  5  lines. 

Of  this  small  species  I  have  seen  several  internal  casts  and  ex- 
ternal impressions.  It  was  found  by  Mr.  Yicary  in  the  same  pebble 
with  Spirifera  Vemeuilii,  and  is  consequently  of  Devonian  age.  It 
much  resembles  some  Lower-Silurian  specimens  of  E,  Thamsoni^  but 
could  not  be  with  certainty  identified  with  that  species. 

22.  Rhtkchowella?  ovalis,  n.  sp.     PI.  lY.  figs.  24  &  25. 

Shell  small,  as  wide  as  long,  or  rather  longer  than  wide ;  ventral 
valve  almost  uniformly  convex,  with  from  eighteen  to  twenty  simple 
ribs ;  dorsal  valve  regularly  convex  and  ornamented  like  the  other 
valve.    Two  specimens  measured : — 

Length  3,  breadth  2|  lines. 
»      3        »      3       „ 

Of  this  small  species  I  have  seen  a  few  intenial  casts  and  external 
impressions,  but  not  sufficiently  numerous  or  perfect  to  enable  me  to 
give  a  complete  description  of  the  sheU.  It  has  been  found  by 
Mr.  Yicary  in  company  with  Orthis  Vicaryi,  and  Strophomena  hud^ 
Uighengis,  and  is  possibly  of  Silurian  age. 

23.  Orthis  REDUX,  Barrande  ?,  var.  hidleighenns.    PI.  Y.  figs.  9-12. 
Orthis  redux,  Barr.  ?,  Salter,  Quart.  Joum.  Geol.  Soc.  vol.  xx. 

p.  295,  pi.  xvii.  fig.  7,  1863;  and  Dav.  Sil»  Mon.  p.  224, 
pi.  xxviii.  fig.  6,  1869. 

Shell  small,  semicircuhr,  wider  than  long,  sometimes  almost  circu- 
lar ;  hinge-line  less  than  the  width  of  the  shell.  Yentral  valve  mode- 
rately and  uniformly  convex,  beak  small,  area  narrow.  Dorsal  valve 
slightly  convex,  with  a  longitudinal  depression  of  moderate  depth 
along  the  middle.    Surface  of  both  valves  closely  covered  with  nume- 
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TD118  thread-like  striae,  which  increase  in  number  bj  the  intorpoUttion 
of  one  or  two  smaller  striae  between  each  pair  of  the  principal. 
Dimensions  yariable.     Length  5,  width  6,  depth  2  lines. 

Althongh  this  shell  was  identified  by  Mr.  Salter  with  Orthis  redux 
(Barrande),  both  M.  de  Yemecdl  and  myself  entertain  misgivings  as 
to  the  coirectness  of  the  identification.  The  Bohemian  Silurian 
species  is  not  well  known ;  the  internal  cast  only  has  been  figured 
by  Barrande.  It  is  a  larger  shell,  and  the  median  sinus  is  much 
deeper  than  what  we  find  in  our  Budleigh  examples.  At  any  rate 
we  have  given  to  it  the  varietal  designation  of  Budleighensis,  which 
name  can  be  hereafter  retained  as  a  specific  one  should  the  two 
shells  be  found  to  be  specifically  distinct.  The  correct  identification 
of  this  species  becomes  very  important,  since  no  less  than  seven 
other  forms  have  been  found  in  the  same  pebbles  with  it.  Wo 
therefore  cannot  determine  at  present  whether  it  and  its  accompany- 
ing forms  are  of  Silurian  or  of  Devonian  age. 

24.  Orthis  Bxbthoisi,  Bouault?,  var.  erratica,  Dav.     PI.  V.  figs, 
ia-16, 

Dav.  Sil.  Mon.  p.  238,  pi.  zxxii.  figs.  21-28. 

This  species  has  been  fuUy  described  and  illustrated  at  p.  233  of 
my  Silurian  Monograph.  I  cannot  say  whether  it  agrees  with  the 
Orthis  Berihoisi,  Eouault,  as  I  have  never  seen  the  French  type ; 
nor  can  I  say  whether  Mr.  Sharpe  was  correct  in  identifying  his 
Portuguese  examples  with  Bouault's  species.  Budleigh  specimens 
seem  to  resemble  the  Portuguese  shell,  while  differing  in  some  minSr 
details ;  I  have  provisionally  applied  to  them  the  varietal  designation 
of  erratica.  Mr.  Sharpe  states  that  he  obtained  the  fossil  he  iden- 
tafies  with  0.  Berthoid  from  the  lowest  division  of  the  Silurian 
system,  at  Portela  de  Loredo,  in  Portugal. 

25.  Obthm  Valptaita,  Dav.     PL  V.  figs.  23-25. 
SiL  Mon.  p.  235,  pi.  xxxii.  figs.  29*33. 

A  description  of  this  shell  will  be  found  in  my  Silurian  Mono- 
graph. Mr.  Yicary  informs  me  that  he  believes  that  he  has  found  it 
associated  with  0.  Vicaryi  in  the  same  pebble.  It  appears  also  to 
bear  some  resemblance  to  0,  OervtUd  (Defir.  <fe  Barr.) ;  but  there  is 
sufficient  difference  between  the  two  forms  to  consider  them  specifi- 
cally distinct. 

26.  Obihis  pxTLvnrATA,  Salter.    PL  V.  figs.  17-19. 
Quart.  Joum.  GeoL  Soc.  voL  xx.  p.  294,  fig.  8,  1860. 

?  Poramlxmites,  Salter,  ilncL  p.  295,  pi.  xvii.  figs.  10-12. 

Transversely  oval ;  hinge-line  shorter  than  the  width  of  the  shell ; 
valves  uniformly  and  moderately  convex,  surface  marked  by  fine 
radiating  lines  or  raised  striae,  increasing  in  number  towards  the 
mai^^  by  the  interpolation  of  c^orter  striae.  Area  narrow.  The  in- 
ternal cast  of  the  ventral  valve  shows  a  large  saucer-shaped  muscular 
depression,  divided  in  the  middle  by  a  widish  convex  ridge  or  space ; 
in  the  internal  cast  of  the  dorsal  valve  there  is  a  small  oval  slit, 
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margined  by  a  raised  edge,  under  whicli  are  placed  the  muscular 
(adductor)  elevations  or  scars,  which  are  longitudinally  separated 
by  a  narrow  concave  space.     Length  11,  breadth  14  lines. 

The  internal  cast  of  the  dorsal  valve  was,  in  1863,  described  and 
figured  by  Mr.  Salter,  the  exterior  and  interior  of  the  other  valve 
being  unknown  to  him  at  the  time;  subsequently,  however,  im- 
pressions of  the  exterior,  as  well  as  the  internal  cast  of  the  ventral 
valve,  were  found  by  Mr.  Yicary,  so  that  it  is  now  possible  to  draw 
up  a  complete  description  of  the  species.  The  shell  described  by 
Mr.  Salter  as  Porambonites,  sp.  ?  (from  the  imperfect  internal  cast  of 
a  dorsal  valve),  appears  to  me  to  be  a  large  internal  cast  of  the  shell 
uoder  description,  in  which  the  muscular  impressions  are  imperfectly 
defined ;  but  I  make  this  suggestion  with  reserve.  The  figure  given 
by  Mr.  Salter  is  likewise  not  entirely  correct.  In  the  original  spe- 
cimen the  cardinal  angles  are  more  rounded ;  and  the  muscular  im- 
pressions, &c.,  are  less  sharply  defined  on  the  cast  than  they  are  in 
the  figure ;  nor  does  it,  or  Mr.  Sharpe's  Portuguese  specimensy  to 
which  it  is  assimilated,  belong  to  the  genus  Porambonites, 

I  do  not  know  whether  it  is  a  SUurian  or  a  Devonian  species,  as  no 
other  known  form  has  been  found  associated  with  it  in  the  same 
pebble. 

27.  ORTHisTiCABTr,  n.  sp.    PI.  V.  figs.  20-22. 

Shell  circular  or  elongated  oval,  slightly  wider  anteriorly ;  hinge- 
line  straight,  about  half  the  breadth  of  the  shell.  Yentral  valve 
jrtoderately  convex,  beak  slightly  incurved,  area  narrow  and  small, 
divided  in  the  middle  by  a  rather  wide  fissure.  Dorsal  valve  rather 
less  convex  than  the  opposite  one.  Surfiace  of  both  valves  marked 
by  numerous  fine  thread-like  radiating  lines  or  raised  striffi,  which 
increase  in  number  by  means  of  numerous  interpolations*  In  the 
interior  of  the  ventral  valve  two  large,  deep,  ovaL-shaped  muscular 
depressions  occupy  fully  two-thirds  of  the  length  of  the  valve,  and 
are  divided  in  the  middle  by  a  narrow,  angular,  slightly  project- 
ing ridge.  In  the  interior  of  the  dorsal  valve  a  small,  bilobed  car- 
dinal process  is  situated  between  the  prominent,  diverging,  slightly 
curved  brachial  processes ;  while  a  rather  wide,  rounded  mesial  ridge 
extends  from  under  the  cardinal  process  to  about  half  the  length  of 
the  valve,  and  separates  into  two  parts  the  muscular  (adductor) 
impressions.     Two  specimens  measured : — 

Length  7,  width  7  lines. 
5  4 

Of  this  species  several  examples  have  been  found  by  Messrs.  Yicary 
and  Yalpy.  It  occurs  most  frequently  in  the  shape  of  internal  casts ; 
but  impressions  of  the  externa]  suiface  are  occasionally  met  with. 
It  is  remarkable  on  account  of  the  large  proportions  of  the  elongated, 
oval-shaped  muscular  depressions  in  Uie  ventral  valve. 

Along  with  this  species  is  found  a  small  BJiynchoneUa?,  which,  if 
R,  oyalis,  would  perhaps  indicate  that  the  Orthis  under  description 
is  Silurian ;  but  the  question  of  age  will  require  to  remain  for  the 
present  undetermined. 
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Besides  tlie  species  of  Orihu  above  recorded,  Mr.  Yicary  has  sent 
me  two  or  three  impressions  and  internal  casts,  which  cannot  be 
referred  to  any  of  those  above  enumerated.  The  material  was, 
however,  too  scanty  and  incomplete  to  warrant  our  attempting 
specific  identifications. 

28.  SzBOPHOicEHA.  SouATTLTi,  n.  sp.     Fl.  YI.  figs.  8  &  9. 

Shell  semicircular,  slightly  wider  than  long ;  hinge-line  straight,  a 
little  less  than  the  width  of  the  shelL  Yentral  valve  very  moderately 
convex,  with  a  narrow  area  and  open  fissure.  Dorsal  valve  almost 
flat,  or  very  slightly  concave.  Exterior  finely  striated.  In  the 
interior  of  the  ventral  valve  a  small  hinge-tooth  is  situated  on  either 
side  of  the  base  of  the  fissure,  while  the  muscular  scars  form  a  large 
saucer-shaped  depression  laterally  margined  by  a  slightly  elevated 
ridge.  In  the  interior  of  the  dorsal  valve  a  wide  raised  border  sur- 
rounds the  shell ;  hinge-area  linear.  The  cardinal  process  is  com- 
posed of  two  testaceous  projections,  under  which  are  located  two 
elongated,  parallel  muscular  impressions,  surrounded  by  a  narrow 
elevated  ridge,  and  separated  along  the  middle  by  a  rather  wide 
interspace.     Length  10,  width  11  Imes. 

This  species  appears  to  be  rare,  only  a  few  internal  casts  of  the 
two  valves  having  been  found  by  Mr.  Yicary.  As  no  other  Brachiopod 
has  occurred  along  with  it,  I  cannot  say  whether  it  should  be  re- 
ferred to  the  Silurian  or  to  the  Devonian  series.  In  external  form 
it  bears  much  resemblance  to  more  than  one  Silurian  as  well  as 
Devonian  species ;  but  the  shape  of  the  muscular  impressions  in  the 
dorsal  valve  seems  to  distinguish  it  from  described  species  of  the 
genus. 

29.  BiROPHoiaairA  ETHEBmen,  n.  sp.    PL  YI.  figs.  10-12. 

Semicircular,  as  wide  as  or  rather  wider  than  long ;  hinge-line  a 
little  shorter  than  the  width  of  the  shell ;  ventral  valve  very  slightly 
eonvex ;  area  narrow,  muscular  impressions  forming  a  large  saucer- 
shaped  depression,  laterally  margined  by  a  slightly  raised  border, 
and  longitudinally  divided  along  the  middle  by  a  narrow  ridge.  In 
the  interior  of  the  ventral  valve  the  hinge-area  is  linear,  with  a 
minute  cardinal  process  in  the  centre ;  under  this  is  situated  a  small 
oval-shaped  depression,  with  another  smaller  pit  on  either  side,  while 
beyond  these  may  be  seen  the  small  hollow  for  the  reception  of  the 
teeth  of  the  ventral  valve.  Under  the  three  central  depressions 
above  described  there  exists  a  short,  raised  mesial  ridge,  broad  at 
its  origin,  but  becoming  gradually  attenuated  as  it  approaches  its 
anterior  termination ;  between  this  and  the  hinge-line  are  seen  two 
granular  ovarian  elevations.  The  muscular  impressions  are  indis- 
tinct. External  surface  not  known,  in  all  probability  finely  striated. 
Length  11,  width  12  lines. 

Of  this  interesting  species  I  have  seen  but  two  internal  casts.  It 
was  found  by  Mr.  Yicary  along  with  S,  Edgelliana ;  but  I  am  uncer- 
tain as  to  its  real  age.  Mr.  Yicary  believes  that  he  has  found 
BhynehcneUa  ovalis  in  the  same  pebble. 
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30.  SiBOPHOXENA  Edoelliaita,  n.  sp.     PL  YI.  figs.  2-5. 

Transversely  semicircular,  ^ith  expanded  angular  extremities ; 
hinge-line  as  long  as  the  greatest  breadth  of  the  shell ;  ventral  valvo 
slightly  convex,  area  narrow,  divided  in  the  middle  by  a  triangalar 
fissure;  dorsal  valve  very  slightly  convex,  almost  flat;  surface  of 
valves  marked  by  numerous  small  bifurcating  striae.  In  the  interior 
of  the  ventral  valve  there  is  a  small  tooth  on  either  side  at  the  base 
of  the  fissure,  while  the  muscular  impressions  form  a  small  saucer- 
shaped  depression  surrounded  by  a  raised  margin ;  this  depression 
is  about  as  wide  as  long,  or  about  one-fourth  of  the  width  of  shell, 
notched  in  front,  and  divided  along  the  middle  by  a  broad  angular 
ridge.  In  the  interior  of  the  dorsal  valve  there  exists  a  small  biiobed 
cardinal  process.  Slightly  projecting  deviating  socket-ridges  are 
also  visible.  Under  the  cardinal  process  a  raised  hollow  roof-like 
ridge  extends  to  a  little  distance,  prior  to  becoming  forked ;  on  either 
side  of  this  ridge  are  situated  the  muscular  scars.  Length  and 
breadth  11  lines. 

Several  internal  casts,  as  well  as  external  impressions  of  this 
interesting  species  have  been  found  by  Mr.  Yicary  associated  with 
specimens  of  an  Orthis  resembling  0.  redux ;  consequently,  if  this 
last  identification  proves  correct,  8,  Edgelliana  would  be  of  Silurian 
age.  It  bears,  however,  a  good  deal  of  resemblance  to  the  Devonian 
Leptcma  Dutertrii  (Murch.),  both  in  external  shape  and  internal 
arrangements ;  but  it  differs  sufficiently  from  this  and  0.  redux  to 
justify  us  in  proposing  for  it  a  distinct  specific  designation.  I 
have  named  it  after  Mr.  Arthur  Edgell,  to  whom  we  are  indebted 
for  the  discovery  of  several  interesting  Budleigh  specimens. 

31.  Strophombna  Vicabti,  n.  sp.  ?    PI.  VI.  figs.  6  &  7. 

Shell  transversely  semicircular,  regularly  convex,  with  expanded 
angular  extremities ;  hinge-line  straight  and  long,  with  closely  set 
perpendicular  or  slanting  strisB ;  area  narrow,  divided  by  a  trian- 
gular fissure ;  the  muscular  scars  form  two  elongated  depressions, 
divided  by  a  raised  mesial  ridge ;  ejctemal  surface  marked  by  nume- 
rous thread-like  striae,  two  or  three  finer  ones  being  placed  between 
each  pair  of  the  larger  striae ;  dorsal  valve  not  known.  Length  8, 
breadth  11  lines. 

Of  this  species  we  are  at  present  acquainted  with  one  valve  only ; 
and  consequentiy  a  complete  description  of  the  shell  cannot  be  drawn 
up.  The  shape  of  its  muscular  impressions,  in  the  ventral  valve, 
differs  from  that  seen  in  8,  Edgelliana,  Mr.  Salter  has  also  expressed 
the  opinion  that  the  two  are  specifically  distinct.  It  has  been  found 
by  Mr.  Vicary  in  company  with  S,  Etheridgii  and  Bhynch,  ovalis ;  its 
real  age  cannot,  however,  be  at  present  accurately  determined. 

32.  Stbophohsna  bttdleigheitsis,  n.  sp.  ?     PL  YI.  fig.  1. 

Of  this  species  a  remarkable  internal  cast  of  the  ventral  valve 
only  has  been  found.  It  is  convex,  semicircular,  and  about  as  wide 
as  long ;  the  hinge-line  as  long  as  or  a  little  longer  than  the  width 
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of  the  shell ;  area  moderately  wide,  marked  with  perpendicular  pa- 
rallel lines,  and  with  two  deep  circular  pits  (elevations  on  the  cast), 
one  on  each  side  of  the  centre,  divided  hy  a  small  flattened  space ; 
the  saacer-shaped  muscular  scars  are  large,  and,  in  the  shell,  divided 
by  a  median  ridge. 

Mr.  Yicary  found  this  single  specimen  associated  with  B.  ovali9. 
The  peculiar  shape  of  its  area  and  accompanying  {Hts  seems  to 
distinguish  it  from  oiher  known  forms  of  the  genus,  although  it  is 
impossible  to  offer  a  complete  description  of  its  characters. 

33.  Stkeftorbtnchits  crbkistria,  Phil.     PI.  V.  fig.  26. 
Spirifer  erenistria,  Phil.  GeoL  of  Yorkshire,  voL  ii.  p.  216,  pi.  9. 

fig.  6;  Streptorhynekus  crenistria,  Bav.  Dev.  Hon.  p.  81,  pi. 
xviii.  fig.  7. 

Of  this  species,  only  a  fragment  of  the  exterior  of  one  Talve  has 
been  found.  It  seems  to  agree  entirely  with  similar  portions  of  ^S^. 
cretiisiriay  wiih  which  we  have  compared  it.  The  shell  has  been 
folly  described  in  my  monograph.  It  was  found  along  with  Spirifera 
VememUif  Shynehondla  inaurita,  and  Ihvductus  Viearyi,  and  is 
consequently  a  Devonian  species. 

34.  Productus  Vicabti,  Salter,  sp.     PI.  VI.  fig.  14. 

Leptana  Vicaryi,  Salter,  Quart  Joum.  Geol.  8oc.  vol.  xz.  p.  296, 
pL  xvii.  figs.  16-17. 

TTell  described  and  figured  by  Mr.  Salter,  but  incorrectly  identified 
as  a  Leptcena^  while  all  its  external  and  internal  characters  show  it 
to  be  a  Productus ;  in  addition  to  the  cardinal  spines,  we  find  the 
large  cardinal  or  divaricator  muscular  impressions  of  the  genus  Pro- 
ductus.  These  finely  striated  scars  were  correctly  drawn  by  Mr. 
Salter  in  1864.  In  his  description  he  states,  <'  I  know  no  Silurian 
species,  except  the  small  L.  quadrata  of  Russia,  and  L.  tenuicincta 
of  Britain,  which  resemble  this  form ;  both  are  much  smaller  and 
less  gibbous."  But  these  last  belong  to  the  genus  L^Ugna,  and  are 
quite  different  both  as  to  shape  and  character,  while  the  so-K^ed 
Leptcma  Vicaryi  is  a  well-characterized  Productus.  P.  Vicaryi  is 
not  very  rare  at  Budleigh-Salterton,  and  is  found  associated  with 
Spirifera  Vemeuilii,  Bhyncfwndla  iiMiwritay  and  Streptorhynchus  ere- 
nistria,  all  well-known  Devonian  species. 

.35.  Chokbtes,  sp.     PI.  VI.  fig.  13. 

Of  this  small  species  of  Chonetes  several  specimens  have  been 
met  with  by  Messrs.  Edgell  and  Vicary  in  one  or  two  pebbles ;  and 
as  it  was  associated  witii  BJiynchonella  inaurita,  it  is  no  doubt  of 
Devonian  age ;  but  as  the  exterior  has  not  been  discovered,  we  can- 
not refer  it  with  certainty  to  any  of  the  described  species.  The 
easts  are  marginally  semicircular ;  hinge-line  straight,  with  acute, 
dightly  projecting  cardinal  angles;  ventral  valve  evenly  convex. 
Length  3,  width  4  lines.  In  external  shape  it  resembles  some  De- 
voDian  casts  of  C.  hardrensis,  but  is  a  smaller  shell. 

Besides  the  species  above  enumerated,  Mr.  Yicary  has  found  in- 
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complete  spedmens,  evidently  belonging  to  two  or  three  more  forms, 
but  which  cannot  be  specifically  identified  until  more  complete  ma- 
terial shall  have  been  procured.  Among  these  may  be  mentioned 
two  valves,  which  are  perhaps  referable  to  the  genus  Atrypa.  One 
of  the  specimens  measures  sixteen  lines  in  length  by  fifteen  in 
breadth,  is  uniformly  convex,  without  fold  or  sinus,  and  is  marked 
with  numerous  close  radiating  strise. 

EXPLANATION  OP  PLATES  IV.-VI. 

Plate  IV. 

Fig.  1.  Lingula  Letueuri^  BouAult. 

2.  Rauaulti,  Salter. 

3.  Hawkeiy  Bouault. 

4.  ,  sp.? 

5.  8aUeri,  Dav. 

6.  JHacina  Vicaryi,  Dav. 

7.  incerta,  Dar. 

8.  ^EdgeUi.'DB.y, 

9.  10.  Crania  tranweraay  Dar. 

11.  Terebratula,  sp.? 

12.  Athyris  incerta^  Dar. 

13.  ?  erratica,  Dav. 

14.  —  ?  hudleighmaiB,  Dav. 

15.  Nucleospira  Vicaryi,  Dav. 

16. .    Interior  of  dorsal  valve,  enlarged. 

17.  — .    Internal  cast  of  same  valve,  enlarged. 

18. .    Both  valves  united,  seen  in  profile. 

19.  Spirifera  VemeuUii^  Murch. 

20. .    Internal  casts. 

21.  fnacropterOj  var.  microptera.    Internal  cast. 

22. .    SheU. 

23.  '—  octopHcata^  Sow, 

24,  25.  Rhynchonella?  ovalis,  Dav. 
26,  27.  Valpyana,  Dav. 

Plate  V. 

Fig.  1,  2,  3.  RhyncJumdla  inaurita,  Sandb.     Internal  caMts. 

4.  elliptica,  Schnurr? 

5,  6.  ,  sp.    Internal  casts. 

7,  8.  Ficaryi,  Dav.? 

9.  0rthi8  redtiXf  Barr.  ?  var.  budieiffhensis. 

10.  — .    Interior  of  dorsal  valve,  enlarged. 

11.  — .    Interior  of  ventral  valve,  enlarged. 

12.  — .    Internal  casts,  natural  size. 

13.  Berihaui?  var.  erratica^  Dav. 

14.  — .     Internal  cast  of  dorsal  valve. 

15. — .    Interior  of  same  valve. 

16.  — .    Internal  cast  of  ventral  valve. 

17.  ptUvinata,  Salter.    Exterior. 

18. .    Internal  cast  of  ventral  valve. 

19.  — .     Internal  cast  of  dorsal  valve. 

20.  Vicaryi,  Dav.    Internal  casts  of  both  valves,  natural  sise. 

21.  — .    Exterior,  enlarged. 

22.  — .    Interior  of  ventral  valve,  enlarged. 

23.  ^—  Valjpyana,  Dav.    Exterior,  natural  size. 

24.  i i .    Internal  cast  of  ventral  valve. 

25. .     Interior  of  dorsal  valve,  enliurged. 

26.  8(reptarhynchu8  crenistria,  Phil. 
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PlatiTI. 

FSg.  1.  StropJumema  budlmghmuu^  Day.     Internal  oast  of  Tintnl  talTO, 

natural  sise. 

1« .    The  nme,  enlarged. 

1^  ^— .    Interior  of  nune  yaWe,  taken  by  means  of  gutta  peroba 

from  cast* 
2.  Strophomena  Fdgdliana^  Dar.    Exterior  of  doml  Talre. 

3. ,    Internal  cast  of  dorsal  yalre,  natural  sixe. 

4.  — «-  — .    Interior  of  dorsal  TalTo,  enlarged. 
5. .    Interior  of  Tentral  yalye,  enlarged. 

6.  Viearyi^  Day.     Natural  size. 

7.  — .    Interior  of  yentral  yalye,  enlarged. 

8.  —  Bouatdtif  Day.    Internal  cast  of  both  yalyes,  natural  sise. 
9. .    Interior  of  dorsal  yalye,  enlarged. 

10. Etheridffii^  Day.    Internal  oast  of  dorsal  yalye,  natural  siie. 

11. .    Interior  of  dorsal  yalye,  enlarged. 

12. .    Internal  oast  of  yentral  yalye. 

13.  CkoneUs,  sp.  ?    Internal  cast,  natural  size. 
13». ?    Enlarged  cast 

14.  Froduetus  (Leptana)  Vicaryi,  Salter,  sp.    Internal  oast  of  yentral 

yalye,  showing  cardinal  spines  and  large  muscular  r 


DlSCUSSIOK. 

Kr.  Ethsbidob  agreed  with  Mr.  Davidson  as  to  his  determination 
of  the  species.  He  had,  however,  examined  the  extensive  collection 
of  Mr.  Yicary,  and,  from  the  general  fades  of  the  species,  he  was 
inclined  to  assign  them  to  the  Middle  Devonian  and  Lower  Carbo- 
niferons  beds.  The  attribution  of  the  fossils  to  the  Upper  Llandovery 
beds  was  founded  on  the  presence  of  Lingula  crumena,  &c. ;  but  he 
thought  he  could  give  some  due  to  the  locality  from  which  the  pebbles 
had  been  derived.  It  had  at  first,  from  the  lithological  character  of 
the  pebbles  as  well  as  from  the  fossils,  been  thought  that  they  were  of 
Lower-^aradoc  age.  He  himself  assigned  the  rocks  from  which  the 
pebbles  had  been  derived  to  the  Hangman  group  of  North  Devon. 
At  Anstey's  Cove  Mr.  Tawney  had  lately  found  a  series  of  the  same 
class  of  fossils  in  a  matrix  exactly  like  that  of  the  pebbles.  He  had 
examined  the  spot,  and  there  recognized  with  Mr.  Tawney  an  exten- 
sion of  the  sandstones  of  North  Devon  (the  Hangman  Grits)  on  the 
south  coast ;  and  certainly,  so  far  as  lithological  character  was  con- 
cerned, the  rocks  were  the  same  as  the  pebbles.  It  did  not,  how- 
ever, follow  that  all  the  pebbles  came  from  that  particular  district, 
but  probably  from  the  denudation  of  the  large  tract  of  country  of 
Devonian  age  to  the  north.  There  are,  however,  Silurian  species  in 
certain  of  the  pebbles,  and  these  he  would  refer  to  the  denudation  of 
rocks  in  an  area  mainly  to  the  south  of  what  is  now  the  Devon  coast. 
The  fauna  at  Budleigh-Salterton  is  essentially  British,  and  not 
French,  though  some  few  species  are  common  to  both  areas.  The 
bivalves,  indeed,  are  hardly  known  in  Prance.  On  the  whole,  Mr. 
£theridge  concluded  that  the  fossils  in  the  pebbles  were  Devonian, 
with  a  slight  admixture  of  Silurian  and  probably  Carboniferous 
forms,  derived  from  rocks  at  no  great  distance  from  the  spot  where 
the  pebbles  are  found. 

Prof.  Ramsat  pointed  out  that  in  conglomerates  we  might  expect 
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to  find  pebbles  of  rocks  of  various  ages.  He  commeo 
difficulty  palasontologists  seemed  to  labour  under  in  det 
fossil  if  it  o£une  out  of  a  pebble  instead  of  from  a  rock  ' 
of  which  was  definitely  known.  He  adverted  to  the  stat 
the  beds  containing  the  pebbles  had  been  deposited  in  the 
Sandstone  sea,  whereas  Mr.  Godwin- Austen  had  regards 
Bed  deposits  as  formed  in  large  inland  lakes ;  and  the 
racter  of  the  beds  supported  this  latter  view. 

Dr.  Duncan  defended  the  caution  of  palseontologista,  and 
on  the  uncertainty  attending  the  determination  of  casts. 

Mr.  Pkbstwich  was  glad  that  some  other  source  had 
gested  for  the  quartzite  pebbles.     He  had  found  somewhi 
quartzites  between  lisieux  and  Cherbourg,  in  France. 

The  Fkbsidekt  observed  that  he  would  like  to  see  the 
new  race  of  palsBontcdogists  relying  simply  on  zoological 
teristics,  and  not  on  geological  position.     A  considerable 
tion  of  our  classification  would  probably  result. 

Mr.  Ethekidge  briefly  replied. 


tMap. 


»oc/t. 


Jhf^iaUg^ 


2.  On  the  Relation  of  the  Bouldsr-clay,  without  CiuixX 
NoETH  of  England  to  the  Geeat  CHALinr  Bouldbb-clatL 
South.     By  Sbables  V.  Wood,  Jun.,  Esq.,  F.G.S. 
PlathVIL 
In  a  paper  read  before  this  Society  by  myself  and  the 
Home,  F.G.S.,  and  published  in  tiie  Journal,  we  descril 
Glacial  clay  of  the   Yorkshire  coast  as  consisting  of  two 
parts*.     Of  these,  the  lower,  distinguished  both  in  our  sectioi 
in  the  vertical  section  accompanying  the  present  paper  (see  PL] 
by  the  letter  a,  presents  characters  identical  in  ail  respects 
ordinary  Boulder*clay,  with  chalk  as  its  prevailing  consi 
which  forms  the  uppermost  member  of  the  Glacial  series 
east  and  east  centre  of  England ;  while  the  upper  (c)\&  a 
clay,  in  which  chalk  is  only  a  subordinate  constituent,  even 
lower  part,  and  which,  gradually  losing  its  chalk  upwards,  is 
upper  part  entirely  destitute  of  it.     We  also  endeavoured  to 
that,  north  of  Flamborough  Head,  the  whole  of  the  day,  (whi^ 
destitute  of  chalk),  belonged  to  this  upper  part  only — and 
though  lying  at  the  foot  of  the  northern  escarpment  of  the 
as  well  as  enveloping  both  the  escarpment  and  the  Wold,  this 
thus  destitute  of  chalk,  was  not  deposited  until,  by  the  com] 
submergence  of  the  Wold,  all  source  of  chalk  debris  had  been 
moved.     We  also  suggested  that  the  absence  of  any  day  with 
d^ris  in  these  parts  was  due  to  their  having  been  occupied  b; 
during  the  time  that  the  day  containing  that  material  was  acci 
lated,  and  to  this  ice  not  having  been  removed  until  the  Wold 
been  completely  covered  by  the  sea ;  and  we  identified  this 

*  Vol.  xziy.  p.  146.  The  Hessle  day  there  described  is  a  separate  d( 
from  the  Glaciat  day  referred  to  in  the  paper,  and  is  regarded  by  U3  as  of 
^/acio/age. 
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less  day  of  the  north  of  Flamborongh  with  a  similar  day,  also 
wholly  destitate  of  chalk,  of  which  oudiers  cap  the  purple  clay  with 
some  chalk  in  Holdemess,  where,  as  at  Dimlington  and  near  Map- 
pletoD,  the  ciiff-section  shows  the  Qlacial  series  to  have  nndeigone 
less  denudation  than  elsewhere  along  that  coast.  We  farther 
pointed  out  that  the  long-known  fos^liferous  hed  of  Bridlington 
beloiiged  to  the  Yorkshire  Glacial  formation;  and  we  placed  its 
horizon  immediately  superior  to  the  chalky  clay  (a)-— that  is 
to  say,  in  the  lower  part  of  the  purple  clay,  wherein  there  is 
chalk,  and  at  the  horizod  indicated  in  the  accompanying  vertical 
section  (PL  Vn.  fig.  1). 

Now,  while  in  Yorkshire  we  find  the  Glacial  day  exhihiting  the 
distinct  feature  of  a  gradual  decrease  and  final  disappearance  of 
the  chalk  debris,  succeeded  by  a  deposit  of  considerable  thickness, 
in  which  there  is  not  a  trace  of  chalk,  the  whole  of  the  beds  of  the 
east  and  east  centre  of  England  indicate  not  only  that  debris 
from  the  chalk  prevails  throughout  the  series,  but  that  it  is  to 
the  full  as  copious  in  the  uppermost  layer  that  denudation  haa 
spared  of  the  highest  member  of  the  series  there  as  it  is  in  the 
lowest 

It  is  therefore  only  with  the  highest  member  of  that  series,  the 
common  wide-spread  Boulder-clay  of  East  Anglia,  that  I  propose  to 
discuss  the  rdationship  borne  by  the  Yorkshire  Boulder-day.  As 
regards  the  very  considerable  and,  I  think,  important  series  of  de- 
posits which  are  older  than  this  wide-spread  Boulder-day,  but  are 
absent  in  Yorkshire  and  the  north,  I  shall  only  have  occasion  to 
refer  to  them  to  the  extent  of  pointing  out  the  great  distinction  ex- 
isting between  their  fauna  and  that  of  the  bed  at  Bridlington,  and 
of  indicating  their  place  in  the  vertical  section  accompanying  this 
paper,  as  the  structure  and  distribution  of  these  older  series  will, 
I  hope,  form  the  subject  of  a  future  communication  by  myself  and 
Ur.  F.  W.  Harmer,  F.G.S.,  who  has  cooperated  with  me  in  working 
them  out. 

The  particulars  of  the  considerable  fauna  obtained  from  Bridling- 
ton, and  of  the  fauna  collected  from  the  Middle  and  Lower  Glacial 
deposits  of  East  Anglia,  have  received  much  attention  from  my 
father,  and  they  will  be  tabulated  by  him  with  the  fauna  from 
the  several  horizons  of  the  Crag  and  from  the  Fostgladal  beds  of 
the  eastern  side  of  England,  in  his  supplement  to  the  Monograph 
of  the  Crag  MoUusca.  In  the  meantime,  however,  for  the  purposes 
of  this  paper,  and  to  show,  on  the  one  hand,  how  entirely  distinct 
these  deposits  are  in  their  palseontological  aspects  from  that  of  Brid- 
lington, and,  on  the  other,  how  doeely  they  are  connected  in  those 
aspects  with  the  Crag,  the  following  list,  embodying  our  results  up 
to  the  present  time,  as  far  as  they  concern  the  beds  under  considera- 
tion here,  has  been  revised  by  hun* : — 

*  The  fauna  of  the  Lower  Glaoial  has  been  obtained  with  the  aeaiBtanoe  of 
Mr.  Harmer,  and  that  of  the  Middle  Glacial  with  the  «une  assistance  and  with 
that  of  Mr.  E.  T.  Dowson,  of  Gddeston ;  while  Mr.  Leckenbr  has  rendered  my 
&tber  most  yaluable  assistantte  in  verifying  the  Bridlington  shells. 
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Nune  of  the  Shell. 

s 

3 

1^ 

1 

Living  or  extinct : 
see  note  at  foot 
oflitt. 

Bemarke. 

Bnocinum  undatum,  lAnn 

Tritoniom  antiquom,  var.  oari- 
natuxn            

* 

* 

* 
* 

* 
* 

? 
? 

# 
* 

* 

« 
« 

? 

« 

? 

* 

« 
« 

« 

B.A.8. 

A.   ' 

0. 
B,A,S. 

B,A,S. 
B. 
0. 
B,A. 
A. 
A. 
A. 

B. 

B,S. 
B. 

A. 
0. 

B,A.S. 

O. 
B,A. 
B,S. 

0. 

O. 

O. 

0. 

B,A. 

B,A. 

A. 

A. 
A. 
A. 
A. 
A. 

On  aatfaoritj  of  Woodward's  Kst 

Nearly  extinct. 

Behring's  Straits  also. 

Not  the  T.  Salnm  of  Gray. 
Probably  the  Fuiw  Bcakaifonms 

of  Woodward's  list. 
Giyen  in  Woodward's  list  aa  from 

Norwich  crag ;  aed  qumre^  Hfot- 

way  coast? 

Futus  elatkratu»  of  Woodwards 
list?  Af.J?<i»i^i»  of  the  Clyde 
beds. 

r.  Fabricii  of  Woodward's  list? 

Three  specimens  of  a  shell  half  an 
inch  in  length.  It  comes  near- 
est to  a  minute  representaticn 
of  Trophon  costiferum. 

Not  found  south  of  Shetland. 
Not  uncommon  in  Middle  Glacial. 

A  (somewhat  rare)sheU  of  the  Bed 
and  Fluvio-Marine  Crag,  but 
common  in  the  Middle  GKacial, 
seems,  from  Philippics  figure,  to 
be  this  species.  It  will  be 
figured  in  the  supplement  to 
the*  Crag  MoUusca.' 

Seyeral  specimens  from  the  Mid- 
dle Glacial. 

GKyen  on  authority  of  Woodward's 

list    The  shell  cannot  be  found. 

On  authority  of  Woodward's  list. 

M,  Vaklii,  sec.  Jeffreys. 

trarium              •>     »»..    t^h^ 

* 
« 

» 

,  Tar.  striatum   oon- 

trarium , 

# 

yentricosum,  Gray 

... 

Giuinerii  Tjmin  ............ 

muricatus.  Mont, 

« 

craticulatus,  0.  Fab 

Troohon  ?.  new  soeeieB    ......... 

« 
« 

« 

« 
* 

* 

Pnmnra  lanillus.  Linn 

* 

yar.  inoraasata 

Columbella  Holbollii,  Afd//.    ... 
Nassa  mcrassata,  Af«//.    

... 

retioosa,  J:  iSofo.^var.oostata 

puflilla?  Pka 

... 

Manirelia  turrioula.  Mont 

Trerelliana.  Turf 

ovlindraoea?  Moll, 

dnorea,  Aft>W.   

exarata,  JWo«.  

elegans,  Moll.  

... 

... 

uobilis,  AfoW.   

pjrrMma»un  om«».    
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KanM  of  the  SfaelL 


Miingwlia  lineariB  ?,  Mami.    

Guodlaria  yiridula,  O,  Fab,  ... 


KaticR  daim,  JBrod.  ^  Sow. 
Montagui,  Forbes 


groenlandiflft,  Seek 

ocdosa,  8.  Wood ... 


helicoideB,  Johnston 

catena,  i>acoito    

Sealaria  gronilandioa,  Chemn, 
TrereljaoaFXeacA 


Tairitella  polaria.  Beck 


,J,  Sow, 


CSienmttaaiiitemodQla,  8,  Wood 


OdoflUmiia  unidentata,  Mont, 


BiaMft  obaolela,  8.  Wood 

' aemiooatata?  Woodward, 


littorina  littorea,  lAnn. 
rudis,  MaUm  4"  S. 


I 


Is? 


B,S. 

A. 
B,A. 


A. 
B,S. 

B,A. 

A? 

B.A. 

B.S. 

A. 

B,S. 


O. 
B,S. 


O? 


O. 
O. 


B,A,S. 
B,A,S. 


Bemarkf. 


The  Hiddle-GhMrial  ahell  departo 
from  the  Crag  Unearis  in  oeing 
lea  slender,  uid  in  haying  more 
numeroiu  ooetflB. 

Jdmete  viridula  of  Woodward's 
list  C.  eotteUifera,  J.  Sow.,  of 
'  Crag  HoUuaca.' 

This  species  ooears  in  the  Coralline 
Crag  only;  but  the  Coralline- 
Crag  form  IS  a  rery  distinct  ya- 
riet  J  from  the  Bridlington  shell. 

Iceland  and  Norway  also.  Naples, 
see.  JeiRrejs. 

Beoentlj  identified  bj  Mr.  Jef- 
freys with  a  Spitsbergen  shell. 


TheMiddle-Glaoial  specimen  is  too 
broken  for  certain  identification. 

T,  erota  of  *  Crag  Moilusca '  and  of 
Woodward^shst.  Tclatkratula 
of  *  Crag  Moilusca.' 

Very  abundant  inMiddle  GlaciaL 

T.  cotnmuniB  of  'CragMollusoa'  and 
of  Woodward*s  Bridlington  list ; 
one  fragment  only  from  Middle 
Glacial.  Mr.  Leckenby  knows 
no  other  form  of  TurriUUa  from 
Bridlington  than  Tl^osa.  Giyen 
therefore  on  the  au^ority  of 
Woodward's  list.    Very  rare  in 


Crae. 
Seyenut 


broken  specimens  from  the 
Middle  Olaotal.  Said  by  Mr. 
Jefiteys  to  haye  recently  been 
dredged  liying. 

Unique  in  Crag.  One  specimen, 
with  mouth  perfect,  from  Mid- 
dle Glacial. 

Coralline  Crag  only. 

Two  s))ecimen8  from  the  Middle 
Glacial,  but  too  imperfect  to 
show  whether  they  be  the  ex- 
tinct R.  semicoatata,  with  the 
denticulated  lip,  of  the  Craff.  or 
the  liying  B.  inconspicua,  a  J3,  S 
form. 
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Kame  of  Uie  Sfa^ll. 

i 

1 

5 

1 

1 

living  or  extinot: 
see  note  at  foot 
of  list. 

Bemarka. 

Margarita  eWantisiima^  £ran  . . 
Oemoria  NofuSiina,  Linn....^.... 

GalvDtrsBa  chinensis.  lAnti 

... 

» 

* 
* 

« 
* 

* 
? 

« 

« 

« 
... 

« 
* 

* 

* 
* 

« 

* 

» 
« 
* 
« 

* 
« 

A. 
B,A. 

B.S. 
A. 
B. 

S. 

A. 
B,S. 

B? 
B,S. 

B,S. 

A. 
B.S. 

B,  A.  8. 
B,A. 
B,S. 
B,P. 

B,S. 
0,P. 

B,A,S. 
A. 
A. 

N.A. 

M.plicafa,8an. 

PunctureUa  Noackina  of  Forb.  & 

Hani.,  and  of  Jeflrejs. 
One  young    specimen  from  tbe 

Middle  aiaoial. 

D.  costahtm,  J.  Sow.    Two  speci- 
mens from  the  Middle  Glacial. 
The  oostae  are  as  broad  as,  bot 
less  prominent  Uian,  in  tbe  Crag 
shell;  but  this  may  be  due  to 
wear.  It  is  possible  that  the  spe- 
cimens may  be  only  the  upper 

A.  aquamula  of  Woodward's  list 

Common  in  Middle  GhlaciaL 
Sitka  and  Norway. 
Lower  beds  of  Red  Crag  only. 

Middle  Glacial  of  Sterena^. 

Herts,  only. 
Very  common  in  Middle  Glacial, 

but  fragmentary. 

A  specimen  in  Brit  Mas.  said  to 

be  from  Bridlington. 
Worldwide. 

M.  vulgaris  of  Woodward's  list 
Fragments  in  Cromer  TilL 
VerY  common,  but  smaU,  in  Mid- 
dle Gladal ;  dies  out  in  the  up- 
per beds  of  the  Crag. 
The  hinge  of  Oie  Middle-Glacial 
(perfect  but  small)  specimen  is 

tion. 
The  Lower-  and  Middle-Glaetal 
and  Bridlington  spedmens  show 
a  tendency  to  depart  from  the 
Crag  form  in  having  the  pecu- 
liar ornamentation  moro  con- 
fined to  the  upper  and  central 
part  of  the  shell.    Represented 
bv  N.  LyaUi  on  the  N.W.  coast 
or  America. 

Yoldia  oblonaoides  of  WoodwBTd'% 
British  also?                           [list 
Three  specimens  in  Brit  Mus.,  two 
from  Postwick,  a  Crag  locality, 
and  one  from  Runton,  whidi 
(except   the   forest   fresOiwater 
bed)  IS  Lower  Glacial  only.        i 

* 

Bhvnohonella  Dsittaoe&.  Chenvn.. 

Anomia  ephippium,  Linn. 

* 
* 

stristSy  Broce , 

Ostrea  edulis,  i/tnn 

Pecten  operoularis,  Z^n 

ialandicos,  MuU 

Mytilas  edulis,  Zin«.   

* 

« 

Mod  iola  modiolus,  Linn.     

* 
? 

« 

Pectunoulns  glydmeris,  Linn,. . . 
Area  lactea,  Linn 

Nuoula  Cobboldiie,  J.  Sow 

tenuis,  itfon^.   

* 

Leda  limatula,  iSov  

# 

* 

pemula,  Miill. 

» 
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1 

Kame  of  the  Shell.            1 

1 

Middle  aiaoUl. 
Bridlington  (or 

Upper  Glacial). 
Graff. 

Living  or  extinot: 
eee  note  at  foot 

of  lift 

Betnarke. 

Tivla  i^nHiiin    Tkmmf.     --- 

...    #     * 

B,A. 

B»  A,  8. 
A. 

B. 

A. 
0. 

O.P. 

B,A,8. 
A. 
0. 
A. 

0. 

B,A,8. 

'     B,A. 

A. 
^      B.A. 

y        8. 

»      B,S. 

»   B,A,S. 
^        0. 

..    N.A. 
»      B,8. 

»      B,S. 
»        A. 

»       0. 

L.  Mtmi^a  of  <  Crag  MoUuaoa.' 

Gudiiim  ednle.  Lmn.  * 

»     *     » 

Oiven   in  Woodw&rd'ii  linfc*   hnt 

graenlandiciiin,  Cftemn.    ...  » 

«    

»    ...    * 
•••    # 

the  fragments  in  the  British  Ma 
seum  are  not  enffident  for  reli 
able  identification. 
ttBrejdon  (Bradwell  catting),  see. 
Jeff.  Tol.  il  p.  296  of  Brit.  Moll. 

The  Bridlinjton  shell  oaUed  Cm- 
laru  hy  Forbes,  in  Mem.  Qeol. 
8urTej  for  1846,  was  most  pro- 
bably only  C.  analia. 

Probably  represented  by  C.  ventri- 
cosa,  Gould,  on  K.W.  coast  oi 

Ammnnii^ 

M^lana    T^n11u>% 

»    ...    • 

♦    ...    • 
»     #     « 

...    «     .. 
...     ?     .. 

#        4 

TiiManit  V>rnelinL  L4i9tt. r--  ^ 

A^au4A  Wwmklta.   l7&«9Mn. # 

,  mr.  Withami ••• 

,  yar.  aemisulcata ••• 

On  authority  of  Woodward's  lial 
only.  Beliered  by  8.  Wood  to 
be  only  A.  au/cata,  yar.  etiMica, 

Bare  in  Graff.    Gommon  in  Mid- 

Jeffireys. 
ttBradwell.  Giren  from  Grag  onli 

on   authority  of  Woodward*! 

Norwich  Crag  list 
"  North  of  Hebrides,  in  cold  area 

650  &thoms,"  sec.  JefPreys. 
Two  imperfect    specimens   fron 

Middle  Gbunal. 
Hinge-fragmenta  of  one  or  othei 

or  both  of  these  species  commoi 

in  Middle  Glacial ;  but  which  o; 

them,  cannot  be  said.    Both  ii 

Graff  and  B,  8. 
*  Bradwell. 

# 

,  Tar.  elliptica 

*  tt        * 

*  ...       * 

»       ...       * 

*  *        1 
?       ...      < 

Wnmliii  ffi^tsria.  TAmn 

Tapes  lirgineiie,  Lmn \ 

pnllastra,  fT.  Wood /  * 

i 

Tenufl  fluctuoofc.  Gmdd..: 

.    ♦       ...      ^ 
.    »       ... 

?        * 

Abundant  in  Middle  Glacial.  Ja 

pan,  sec.  Jeffreys. 
Profuse  in  Coralline  Crag;  rare  ii 

Bed :  three  imperfect  specimen 

from  Middle  Glacial. 
T.  eakarea  of  Wahl.  A  few  doubt 

Tellim  lato^  (7fl84?^    « 

ful  fragments  only  from  Mid 
die  Glacial.  Bare  in  Bed  Crag 
profuse  in  Fluvio-marine  Craj 
and  Chillesford  beds. 
Profuse  in  all  Crag  beds  and  ii 
Lower  Glacial ;  not  common  ii 
Middle  Glacial.  Only  one  sped 
men  Iniown  from  Bridlington. 
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Name  of  the  SheU. 

1 

I 

3 

■i 

1 

o 

liying  or  extinct: 
aee  note  at  foot 

OfliBt. 

Bemarka. 

Tellina  prKtenais, />a^A«8  

halthica.  2/tttii 

* 

* 
# 

? 
? 

# 

# 
• 

* 
* 

« 

O. 
B,  A,  S. 

B,S. 

B,S. 
B,S. 

B,  A,  S. 
B,8. 
B,S. 

B,S. 

B.  A,  8. 
B,  A,  S. 

B,A- 

B,A,S. 

A. 

B,A. 
B. 

Profiue  in  Bed  and  FluTio-manne 

crag  and  ChillesfordhedR.  Ban 

in  Lower  G-lacial. 
Profuse   in  Lower    and  Middle 

Glacial,  and  in  all  Glacial  and 

Postglacial  beds. 
Common  in  Craf,  and  firagraentB. 

Common  in  ifiddle  Gla^al. 

S.  piperata,  Gmel.  Hinse-frag- 
ments  common  in  Middle  Gla- 
cial. 

M.  eUmtica  of  British  authors. 

#Bradwell. 

Doubtful  fragments  only,  in  Mid- 
dle Glacial. 

One  perfect  specimen  firom  Lower 

The  gigantic  form  of  tJddeyalla 
and  the  Clyde  beds. 

a^tW«,01iy.  Profuse  in  Coralline 
and  Muyio-marine  Crags,  ChiU 
lesford  bed  and  Lower  GlaciaL 
Common    in   Middle   GlaoiaL 
Bare  in  Bed  Crag. 

craseai  Gmdin 

* 

Sorobicularia plana»  iTooos^a    ... 
Mactra  OTalis.  Sow 

Thraoia  naDYraoea,  PoU  

# 

Mva  tninGuta.  Iaim 

arenaria,  Linn 

RaiicaTa  ruiroM.  lAnn, «.  ^ ..-,...  t  - 

» 

» 

arotiGa,  Xtnit.   

Pholafl  nrifiTMta.  TAnn, 

# 

OorhiiU  stnata,  Walk.  ^B 

Note, — O,  P  signifies  that  the  form  is  extinct  unless  represented  by  a  Pacific  shell ;  O, 
not  known  liying ;  N.  A,  occurs  no  nearer  than  North-east  America ;  A,  only  within  the 
Arctic  Circle ;  S,  only  to  the  south  of  the  British  Seas ;  B,  A»  8,  in  British,  Arctic,  and 
Southern  Seas ;  B,  A,  in  British  and  Arctic  Seas  only ;  B,  in  British  Seas  only,  the  Norway 
coast  being  included  under  this  letter.  The  shells  markeid  «  Bradwell  are  inserted  in  the 
Middle-Gj'acial  column  on  the  authority  of  a  list  of  identifications  made  by  Mr.  Gwyn 
Jeffreys  of  some  shells  and  fragments  obtained  by  Mr.  G.  B.  Bose  from  the  Middle-Glacial 
cutting  of  Bradwell  (by  Breydon),  supplied  by  Mr.  Bose. 

N.B.  Li  the  foregoing  list  the  Cra^  column  embraces  all  the  diyisions  of  that  formation 
from  the  Coralline  Crag  up  to,  and  indusiye  of,  the  Chillesfofd  beds. 

SUMMARY. 


0. 

o,p. 

B,S. 

B,A. 

B,A.S. 

B. 

S. 

A. 

N.A. 

Total. 

Lower-Glatsial  Shells 

2 

13 

5 

1 
2 

1 

5 
19 

4 

3 

4 

15 

16 
15 
11 

2 
3 
5 

~2 

6 

5 

28 

1 

1 

35 
63 
70 

Middle  dittx)  

Upper  ditto  (Bridlington) . . 

N.B.  In  the  case  of  the  Middle-Glacial  shells,  the  number  in  column  O  is  swelled  by 
the  two  new  shells  and  by  two  marked  with  ?  being  included  in  it. 


Digitized  by 


Google 


1869. J  8BARLBS  WOOD BOULOER-CLAT.  97 

A  considerable  num'ber  of  these  shells  have  been  found  living  at 
depths  ranging  down  to  100  and  even  150  fathoms;  our  know- 
ledge of  the  range  of  the  others  is,  for  the  most  part,  merely  nega- 
tive. 

From  the  for^^ing  list  it  appears  that  the  Bridlington  fauna 
conaista  of  70  forms  of  mollusca.  Of  these,  after  discarding  all 
with  regard  to  which  there  is  any  doubt,  either  as  to  their  occur- 
rence at  Bridlington  or  as  to  their  representation  in  the  Crag,  but 
including  the  distinct  variety  of  Trichotropis  borealis,  no  less  than 
19  are  imknown  to  the  Crag. 

lliefle  19  comprise  13  purely  Arctic,  1  British  and  Arctic,  1  British, 
1  British,  Arctic,  and  Southern,  and  1  North-American,  and  2  nut 
known  as  living. 

The  mollusca  hitherto  obtained  from  the  Middle  Glacial,  ue, 
from  the  sands  and  gravels  which,  overlying  the  Cromer  contorted 
drift  in  the  north  of  Norfolk,  pass  under  the  great  chalky  Boulder- 
day  of  which  I  have  been  speaking  in  other  parts  of  that  county 
and  in  North  Suffolk,  in  Essex,  Herts,  Buckingham-,  and  Leicester- 
sbiresy  and  some  other  localities,  comprise  63  forms,  all  but  one  of 
them  collected  within  a  radius  of  a  few  miles  around  Yarmouth, 
from  the  sands  (where  they  are  in  situ)  between  the  contorted  drift 
and  the  great  chalky  Boulder-day.  Of  these  63  forms,  the  fore- 
going list  shows  that,  besides  the  2  apparently  new  forms  and  per- 
haps the  shell  referred  to  Mangelia  linearis,  there  is  only  one,  Tel- 
Una  bahhica,  which  does  not  occur  in  the  Crag,  and  also  that,  with 
the  exception  of  this  shell,  not  one  of  the  19  peculiar  shells  of  Brid- 
lington are  among  them. 

The  fauna  of  the  Lower  Gladal  has  been  obtained  from  the  thick 
body  of  pebbly  sands  which  forms  the  base  of,  and  is  extensively 
interstratified  with,  the  Cromer  Till,  and  of  which,  in  fact,  the 
Cromer  Till  is  itself  only  a  local  modification.  The  few  worn  and 
fragmentary  examplejs  which  this  till,  and  the  contorted  drift  that 
overlies  it,  have  yielded  to  a  search  so  diligent  that  it  has  been  . 
carried  on  for  years,  all  over  Norfolk  and  North  Suffolk,  are  all  readily 
recognizable  as  belonging  to  the  commoner  species  occurring  in 
the  pebbly  sands.  This  fauna  comprises,  as  the  list  shows,  35 
forms ;  and  though  I  fully  expect  that  further  search  will  augment 
the  number  of  forms  from  the  Middle  Glacial  sands,  I  fear,  from 
the  time  which  my  father  and  myself,  as  well  as  others,  have  de- 
voted to  the  search,  that  the  Lower  Glacial  beds  will  not  yield  any 
considerable  addition  to  the  number  of  species  which  we  have  ob- 
tained. Of  these  35  forms  also,  there  is  only  one,  the  same  Tellina 
balihica,  which  does  not  occur  in  the  Crag ;  and,  with  the  single 
exception  of  this  shell,  there  is  also  the  like  absence  of  all  the  19 
forms  peculiar  to  Bridlington  that  obtains  in  the  case  of  the  Middle 
Glacial. 

Farther,  of  the  63  Middle,  and  35  Lower  Glacial  forms,  26  are 
common  to  each  of  these  two  formations,  so  that  there  remain  72 
distinct  forms  yet  obtained  from  the  two  together  to  set  against 
the  70  of  Bridlington.     Now  it  is  most  remarkable,  as  the  converse 
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of  the  fact  of  all  but  one  of  the  19  peculiar  and  mostly  exclusively 
Arctic  forms  of  Bridlington  being  absent  from  the  Lower  and  Middle 
Glacial,  that  of  these  72  forms  no  less  than  46  do  not  occur  at 
Bridlington ;  and  even  yet  more  striking  is  it  that,  of  this  46,  only 
1  is  exdusively  Arctic. 

I  may  add  that  the  difference  in  latitude  between  Bridlington 
and  these  Lower  and  Middle  Glacial  shell-localitieB  does  not  exceed 
one  degree*,  and  that  the  actual  distance  between  them  and  Brid- 
lington is  from  100  to  120  miles. 

1  defer  any  remarks  upon  the  striking,  Crag-like,  and  seemingly 
southern  fades  of  the  Middle-Glacial  fauna,  because  1  expect  to  add 
materially  to  the  number  of  that  fauna,  and  because  it  will  be 
more  advantageously  considered  when  describing  the  structure  of 
the  Lower  and  Middle  Glacial  formations. 

We  see  however,  that,  as  the  evidence  at  present  stands,  the  fauna 
yet  obtained  from  the  Lower  and  Middle  Glacial  deposits  (especially 
that  from  the  latter)  presents  almost  as  much  dissimilarity  to  the 
Bridlington  fauna  as  the  mollusca  of  the  German  Ocean  do  to  those 
of  the  Greenland  and  Spitzbergen  seas ;  so  that  no  grounds  exist 
for  identifying,  upon  pal«3ontological  evidence^  those  Glacial  beds  of 
the  Eastern  Counties  which  are  inferior  to  the  great  chalky  day,  and 
whose  structure  and  physical  relationship  to  the  Crag  we  have  the 
advantage  of  studpng  in  immediate  contiguity  to  the  Crag  itself 
with  any  of  the  Glacial  series  of  Yorkshire,  but,  on  the  contrary, 
that  the  palseontological  evidence  points  to  their  complete  distinct 
tion.  The  uppermost  of  the  East- Anglian  series,  the  great  chalky 
clay,  with  which  Mr.  Home  and  myself  identified  the  basement- 
clay  of  Holdemess  (a),  has  never  pelded  any  other  than  derivative 
fossils;  but  this  basement  clay  at  Dimlington  diff,  teeming  with 
chalk  (a),  has,  near  to  its  junction  with  the  base  of  the  purple 
clay  (c),  lately  yidded  Sir  Charles  Lyell  a  few  forms  of  mol- 
lusca which,  he  informs  me,  he  regards,  as  far  as  they  go,  as 
resembling  those  of  the  Bridlington  bed.  The  position  of  the  base 
of  Dimlington  cliff,  whence  Sir  Charles  obtained  these,  is  indi- 
cated, according  to  my  view  of  the  case,  in  the  vertical  section,  the 
basement-clay  from  which  these  shells  came  appearing,  from  adja- 
cent borings,  to  descend  upwards  of  100  feet  below  the  base  of  the 
diff. 

I  now  propose  to  examine,  on  physical  grounds,  what  part  of  the 
Yorkshire  clay  may,  and  what  may  not,  be  regarded  as  identical 
with  the  uppermost  or  great  chalky  member  of  the  East- Anglian 
series. 

The  absence  of  chalk  d^ris  in  the  clay  lying  to  the  north  of  the 
Wolds  seems  to  have  been  regarded  by  geologists  as  evidence  of  a 
drift  from  north  to  south,  though  the  hypothesis  never  appears  to 
have  been  brought  to  the  test  of  critical  examination  until  Mr. 
Eome  and  I,  in  our  quoted  paper,  cursorily  endeavoured  to  rei^te 
it.     Nor  do  geologists  ever  appear  to  have  noticed  the  fact,  so  con- 

♦  In  the  case,  however,  of  one  shell,  Ostrta  eduliSj  obtained  only  at  Stevenage, 
ttio  diflPorence  in  the  latitude  is  nearly  two  degrees. 
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flicting  with  this  hypothesisy  that  purple  clay  entirely  destitute  of 
chalk,  but  identical  in  most  other  respects  with  the  purple  clay 
containing  chalk,  extends  for  many  miles  over  the  extreme  north- 
east of  the  Wold,  ranging  there  from  the  sea-leyel  up  to  altitudes  of 
450  feet — ^and  that  at  intervals  along,  the  Holdemess  coast-section 
as  far  as  Bimlington,  and  42  miles  south  of  the  northern  limit  of 
the  Wold,  outhere  of  this  purple  clay  without  any  chalk  cap  the 
purple  clay  with  chalk  that  diminishes  in  quantity  upwards. 

K  we  merely  examine  the  position  of  the  clay  where  it  lies  at  the 
Wold-foot  near  Speeton,  more  than  500  feet  below  the  contiguous 
Wold-summit,  without  even  enlisting  into  the  argument  the  fact 
that  the  same  day  extends  over  the  Wold  itself*,  we  shall,  I  think, 
perceive  the  impossibility  of  a  sea-drift  in  any  direction  whatever 
preventing  the  introduction  of  chalk  debris  into  it. 

In  the  accompanying  sketch  map  (see  Plate)  I  have  delineated, 
by  a  strong  line,  the  exact  trend  of  the  Wold-scarp,  and  indicated  by 
shading  the  respective  positions  where  the  day  without  and  that 
with  chalk  occur ;  and,  to  render  the  position  of  the  clay  without 
chalk  relatively  to  the  Wold  more  dear,  I  have  added  a  small  section 
(No.  2,  see  Plate)  that  wiU  answer  for  the  direction  A  to  £,  or  A  to 
C,  indifferently. 

If  the  Wold  was  uncovered  by  the  sea  (which  it  must  have  been  to 
have  supplied  chalk  debris),  it  is  apparent  that  it  must  have  formed  a 
shore  to  any  sea  extending  where  this  chalkless  day  occurs,  and 
must  have  arrested  any  drift,  causing  this  to  go  off  in  the  direction 
of  the  arrows — ^that  is,  either  south-east  in  the  direction  of  Flam- 
borough,  or  south-west  in  the  direction  of  York.  Nevertheless  in 
both  these  directions  the  day  is  destitute  of  chalk.  In  the  former 
it  is  so,  both  at  high  and  low  levels,  for  nearly  15  miles  south-east 
of  the  northern  apex  of  the  Wolds  near  A,  and  in  the  latter  for  a 
much  greater  distance,  viz.  beyond  York,  even  to  the  southern  part 
of  central  Yorkshiref.  The  northern  apex  of  the  Wold  rises  to 
elevations  of  between  400  and  575  feet,  the  very  highest  summits 
(which  are  towards  the  north-west  angle  of  the  Wold),  ranging  be- 
tween 600  and  800  feet.  If  we  reflect  what  a  copious  source  of 
debris  this  scarp-shore  of  chalk,  indented  with  several  valleys  open- 
ing through  it  into  the  great  vale  beneath,  must  have  been,  and 
how  such  d^ris  must  have  been  swept  into  a  sea  occupying  this 
great  vale,  it  seems  to  me  to  be  repugnant  to  the  operation  of 
natural  causes  to  suppose  that  day  wholly  destitute  of  chalk  could 
be  deposited  in  this  great  valley,  while  clay  teeming  with  chalk 
was  being  deposited  in  Holdemess.  So  obvious  does  tiiis  appear  to 
tne,  tiiat  it  is  unnecessary  to  add  to  the  case  by  appealing  to  the 
fiiet  Uiat  the  same  clay  without  chalk  envelopes  both  the  high  and 
bw  parts  of  the  chalk  Wold  down  nearly  to  Ilamborough. 

"VHien  we  come  to  consider  the  volume  and  origin  of  the  chalk 

*  The  upper  repreaentation  of  the  trii>le  section  (PI.  YII.)  shows  this. 

t  13ie  clay  in  the  vale  of  York  is,  in  some  parts,  overlain  by  Postglacial 
und«,  eontaining  flint  derived  from  the  Wold.  Bostglaeial  gravel,  with  flint,  also 
ocears  in  the  vale  of  Pickering,  which  skirts  the  northern  Wold-scarp. 
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debris  that  makes  up  so  large  a  jjart  of  the  chalky  Boulder-clay,  it 
willy  I  thinky  be  apparent  that  had  there  been  either  a  sea  or  a  dry 
valley  unoccupied  by  ice  to  receive  it,  the  chalk  debris,  so  far  from 
being  entirely  absent  in  the  clay  would  have  been  extremely  abun- 
dant. None  but  those  who  have  spent  years  in  the  examination  of 
it  over  the  greater  part  of  the  east  of  England  can  form  an  idea  of 
the  enormous  volume  of  the  chalk  contained  in  the  great  Boulder- 
clay  of  the  south-east.  The  proportion  of  this  material  may  be 
estimated  at  from  10  to  90  per  cent  in  different  localities,  the  pro- 
portion being  usually  greatest  in  the  counties  of  Norfolk,  Suffolk, 
Essex,  Hertford,  and  Lincoln — in  the  latter  county,  for  a  great  dis- 
tance along  the  western  ilank  of  the  Wold,  the  clay  being  so  nearly 
chalk  itself  as  to  be  quarried  for  lime ;  and  the  quantity  is  stifi. 
considerable  in  other  counties,  such  as  Huntingdon,  Cambridge, 
Rutland,  Leicester,  Northampton,  Warwick,  Bedford,  and  Bucking- 
ham. Most  of  this  chalk  d^ris  consists  of  lumps  of  rocky  chaBc 
of  various  sizes,  unlike  the  soft  material  of  which  the  upper  Cre- 
taceous formation  of  the  south  is  principally  composed,  and  so  hard 
as  to  require  a  hammer  to  break  it*.  In  these  characters  it  is 
identical  with  the  chalk  of  the  Yorkshire  Wold,  which  is  all  of  this 
hard  kind ;  and  in  it  I  have  found,  in  sections  where  this  chalky 
clay  overlies  the  middle  Glacial  sands,  rolled  lumps  of  the  red 
chalk  which  forms  the  base  of  the  northern  chalk,  but  is  absent 
from  the  southern.  The  highest  position  at  which  the  red  chalk 
crops  out  in  England  is  more  than  300  feet  below  the  higher  eleva- 
tions to  which  the  chalky  day  attains,  and  which  were  therefore 
under  the  sea  when  the  red-chalk  lumps,  coming  from  a  much 
lower  level,  were  imbedded  in  its  deposit. 

If  we  consider  the  soluble  nature  of  chalk,  it  must,  as  it  seems  to 
me,  be  evident  that  none  of  this  debris  can  have  been  detached 
from  the  parent  mass  either  by  water-action  or  by  any  other  atmo- 
flpheric  agency  than  moving  ice. 

The  action  of  the  sea,  of  rivers,  or  of  the  atmosphere  upon  chalk 
would  take  the  form  of  dissolution,  the  degraded  chalk  being  taken 
up  in  minute  quantities  by  the  water,  and  held  in  suspension  by  it, 
and  in  that  form  carried  away ;  so  that  it  seems  obvious  that  this 
great  volume  of  rolled  chalk  can  have  been  produced  in  no  other  way 
than  by  the  agency  of  moving  ice ;  and  for  that  agency  to  have  operated 
to  an  extent  adequate  to  produce  the  quantity  contained  in  the  great 
chalky  day  before  its  denudation  (a  quantity  that  I  estimate  as  ex- 
ceeding a  layer  200  feet  thick  over  the  entire  Wold)  nothing  less 
than  the  complete  envelopment  of  a  large  part  of  the  Wold  by  ice  for 
a  long  period  would  suffice.  Nor,  as  it  seems  to  me,  can  we  explain 
the  detachment  of  lumps  of  the  red  chalk  from  the  outcrop  of  the 
parent  stratum,  far  below  the  level  reached  by  the  sea  that  de- 

*  Quite  different  is  the  chalk  in  the  Lower  Glacial  of  Norfolk.  The  marl 
into  which  the  contorted  drift  paaaee,  and  of  which  great  masses  are  also  im- 
bedded in  the  coast,  or  silty  deTelopment  of  that  deposit,  is  a  soft  greasj  aoou- 
m Illation,  formed  out  of  the  soft  chalk  of  the  crfiaceous  districts  south  of  the 
Wold. 
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posited  the  clay  which  contains  them,  in  any  other  way  than  by 
the  occupation  by  an  ice-sheet  of  the  great  Yale  that  extends  along 
the  scarp  of  the  Wold  where  the  red  chalk  crops  out. 

Another  important  feature  bearing  upon  the  relationship  of  the 
chalky  to  the  chalkless  clay,  ia  the  absence  in  the  one  and  the  pre- 
sence in  the  other  of  boulders  of  the  well-known  peculiar  granite  of 
Shap  Fell  in  Westmoreland.  During  the  several  years  that  I  have 
occupied  myself  in  examining  and  mapping  the  Glacial  beds  over 
the  east  of  England,  I  have  never  seen  such  a  thing  as  a  fragment 
of  this  granite  either  in  the  various  sections  examined  or  among 
the  numerous  boulders  which,  exposed  by  atmospheric  agencies, 
have  been  collected  from  the  fields  and  j^ced  by  the  roadside  cr 
by  fiumhouses  &c.  Neither  Mr.  Rome  nor  myself  ever  observed  one 
along  the  Holdemess  coast,  where  the  chalky  clay  and  the  purple 
day  with  some  chalk  occupy  the  difT;  but  immediately  that  we 
passed  these  limits  and  entered,  about  Plamborough  Head,  upon 
the  region  of  the  purple  clay  without  chalk,  we  found  them  in 
plenty ;  and  Mr.  Eome  informs  me  that  he  has  seen  them  along 
the  whole  coast  north  of  Flamborough,  where  this  purple  clay  with- 
out chalk  alone  occurs,  as  far  as  the  mouth  of  the  Tees  ;  and  it  is 
to  him  that  I  am  indebted  for  pointing  out  to  me  (which  he  did 
more  than  two  years  since)  the  restriction  of  these  boulders  to  the 
day  without  chalk. 

Although  neither  he  nor  myself  was  able  to  find  any  of  these 
boulders  along  the  Holdemess  coast,  they  are  nevertheless  said  to 
occur  as  far  south  as  the  Humber  mouth*  ;  and  there  is  no  reason 
to  suppose  that  such  may  not  be  the  case,  though  rarely — because 
the  chalky  clay  and  the  purple  clay  with  chalk  are,  on  this  coast, 
capped  in  two  or  three  places  by  outliers  of  the  purple  clay  with- 
out chalk,  from  which  these  boulders  might  be  derived. 

In  order  to  render  the  explanation  which  I  offer  of  these  facts 
intelligible,  a  small  outline  map  of  the  north  of  England  (fig.  1, 
p.  102)  accompanies  this  paper,  and  in  it  are  carefully  shaded  the 
dopes  of  the  great  dividing  ridge  of  the  north  of  England.  The 
position  of  Shap  Fell  being  on  the  western  side  of  this  dividing 
ridge,  it  is  dear  that  one  of  two  events  must  have  occurred  to  enable 
its  boulders  to  pass  over  the  higher  ground  which  separates  the  Shap 
country  from  the  eastern  side,  over  which  the  purple  clay  containing 
these  boulders  \b  distributed.  The  one  event  would  be  their  transit 
by  land-ioe  moving,  not  as  it  usually  does  from  higher  to  lower 
ground,  but  upwards  against  the  acclivity,  and  over  the  dividing 
ridge  into  the  eastern  area ;  the  other  would  be  the  submergence  of 
the  country  to  an  extent  suffident  to  permit  the  floating  over  of 
masses  of  ice  freighted  with  these  boulders. 

With  respect  to  the  first  of  these  alternatives,  although  we  know 
that  ice  impelled  by  the  force  of  the  rearward  mass  of  the  sheet 
will,  when  this  mass  derives  sufficient  force  by  a  descent  from 
elevations  considerably  higher  than  the  intervening  obstacle,  rise 
and  pass  over  that  obstade — ^and  though  we  may  find  traces  of 
*  Quart.  Journ.  Geol.  Soc.  toI.  xxiii.  p.  44. 
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Fig.  1.  Outline  Map  showing  the  Dividing  Ridge  of  the  North  of 
England  and  the  distribution  of  ice  and  sea  during  the  deposit  of 
the  chalTcy  day. 


The  part  shaded  in  lines  represents  the  northern  part  of  the  area  over  which 
the  chalky  clay  is  distributed,  and  consequently  the  part  regarded  by  the  author 
as  beinff  sea  during  the  deposit  of  that  clay — the  unshaded  part  being  regarded 
as  enveloped  in  ice,  the  sea-foot  of  which  is  indicated  by  the  dotted  line  bound- 
ing the  line  shadmg.  The  arrows  indicate  the  supposed  direction  of  the 
iee-inotion.  The  broken  line  indicates  the  division  between  the  eastern  and 
western  slopes  of  the  great  ridge  of  the  north  of  England.  The  purple  clay 
with  chalk  overlaps  the  chalky  clay  up  to  a  limit  (inclusive  of  outliers)  indi- 
cated by  the  dotted  line  on  the'east  side  of  the  Wold-scarp. 

The  +  near  Shap  denotes  the  place  of  Wasdale  Craig,  where  the  Shap  granite 
is  in  sifv. 
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such  a  mountiiig,  in  the  form  of  the  lower  eleyations  interyeniug 
between  the  Cheviots  and  the  Northumberland  coast,  yet  it  does 
not  appear  to  me  that  the  conditions  of  that  part  of  the  western 
slope  in  which  Shap  Fell  lies,  offer  any  indications  of  such  an  up- 
ward transit*,  or  that  the  position  of  the  dividing  ridge  generally 
would  allow  d  the  possibility  of  it. 

We  have  therefore  but  to  fall  back  upon  the  explanation  of  a 
floatingrice  transit,  permitted  by  an  adequate  submergence  ;  and  this 
explanation  is  strengthened  by  the  absence  of  these  boulders  in 
the  older  or  chalky  part  of  the  day,  since  otherwise  they  ought  to 
be  present  in  this  part  equally  as  in  the  other. 

Mr.  Archibald  Geikie,  in  the  year  1863t,  put  forth  his  theory 
that  the  origin  of  the  Scotch  Boulder-day  was  due  to  the  extrusion, 
finom  the  sea-foot  of  an  ice-sheet  enveloping  the  land,  of  the  miscel- 
laneous material  which  such  a  sheet  woiiLd  in  its  motion  seaward 
have  d^;raded:t.  This  hypothesis  is  that  which  for  a  long  time  1 
have  entertained  as  the  only  true  one  of  the  origin  of  tho  Glacial 
days  of  the  east  of  England ;  and  I  venture  to  suggest  that  tho 
application  of  it  to  the  case  now  under  consideration  will  not  only 
harmonize  with  all  the  facts,  both  palaoontological  and  physical,  but 
explain  that  otherwise  inexplicable  circumstance,  the. positions  of 
the  purple  day  without  chalk,  to  which  attention  has  been  called. 

In  the  same  outline  map  I  have  indicated,  by  tint  shading,  that 
area  which  I  regard  as  sea  during  the  deposit  of  all  but  the  earliest 
part  of  the  chalky  day,  the  unshaded  part  having  been  enveloped  in 
an  ice-sheet,  which  barred  out  the  sea  irom  all  those  depressions 
which,  being  below  its  level,  would  otherwise  have  been  occupied 
by  it,  just  as  is  the  case  at  the  present  day  along  the  west  coast  of 
Greenland  according  to  Arctic  voyagers §.  The  same  shading  that 
indicates  sea  indicates  also  the  area  over  which  the  chalky  clay  occurs, 
except  that,  to  curtail  its  dimensions,  the  map  does  not  extend  south- 

*  The  whole  of  the  gr«at  basin  drained  by  the  riyers  Lowther  and  Eden  (on 
the  tide  of  which  Shap  Fell  lies)  is  furrowed  bj  a  numerous  set  of  small  paral- 
lel ridges,  with  their  prominences  in  roches  moutonniea.  These  all  run  from 
S.S.E.  to  NJN'.W.,  and  a  glance  at  the  beautifully  shaded  contours  of  the  Ord- 
nance map  shows  at  once,  by  a  coup  cfoeil,  that  a  great  ice-sheet  has  moyed 
down  this  basin  towanls  the  Solwaj  shore.  Similar  features  are  afforded  by 
the  oontoor-shadinf  of  the  slopes  on  the  other  (or  eastern)  side  of  the  dividing 
ridge  north-west  of  Newcastle,  where  the  motion  has  been  similarlj  outward 
from  the  dividing  ridge,  being  there  from  W.8.W.  to  E.N.E.  Mr.  T.  M*K. 
Hughes,  of  the  Gteological  Survey,  kindly  indicated  for  me  such  striations  as  he 
had  observed  on  the  rocks  of  Uiis  neighbourhood ;  and  they  agree  generally  with 
the  ioe-motion  which  the  map-contoiurs  indicate. 

t  Trans,  of  the  Qeol.  Soc.  of  Glasgow,  vol.  i.  part  2. 

X  The  Bev.  J.  B.  Watson  too,  in  his  memoir  on  the  Glacial  beds  of  Arran 
(Trans.  Boyal  Soc.  of  Edinburgh,  vol.  xxiii.),  adoptH  the  same  hypothesis,  and 
adds  some  valuable  information  as  to  the  causes  in  operation  at  the  ice-foot  of 
the  Norway  glaciers,  derived  from  personal  observation.  The  Glacial  condi- 
tions of  the  period  of  the  chalky  clay  were,  however,  far  in  excess  of  any  thing 
now  obtaining  in  Norway,  and  more  analogous  to  those  on  the  west  coast  of 
Greenland,  and  along  the  skirts  of  the  ice-bound  land  of  the  Antarctic  con- 
tinent. 

§  See  Dr.  Sutherland  in  Quart.  Joum.  Geol.  Soc.  vol.  ix.  p.  301. 
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wards  beyond  Leicester — whereas  the  chalky  clay  extends  to  the 
southern  parts  of  Essex  and  Middlesex*,  and  the  sea  depositing  it 
extended  still  further,  as  is  proved  by  the  way  in  which  the  day  is 
cut  off  from  denudation  at  elevations  reaching  up  to  350  feet  on  the 
northern  brow  of  the  Thames  valley ;  but  to  what  distance  it  may 
have  gone,  the  denudation  has  been  too  complete  in  that  direction  to 
justify  an  assertion,  though,  from  the  structure  of  the  Thames  gravel, 
I  believe  it  to  have  stretched  beyond  the  limits  of  England.   . 

The  long  triple  section,  No.  3,  traverses  the  entire  length  of  this 
clay  from  its  southern  termination  to  its  overlie  in  Holderncss  by  the 
purple  clay  with  chalk,  and  thence  to  the  purple  clay  without  chalk, 
which  begins  about  Flamborough,  and,  crossing  one  of  the  lowest 
parts  of  the  dividing  ridge  at  Stainmoor,  terminates  at  the  West- 
moreland FeDs.  The  upper  representation  of  this  triple  section 
is  drawn  to  the  existing  sea-level,  and  shows,  as  nearly  as  the 
small  scale  will  allow,  the  relative  elevations  along  the  line  taken, 
the  older  formations  forming  the  floor  of  the  deposit,  and  the  dis- 
tribution of  the  days  in  question  along  the  line  taken.  The  Lower 
Glacial  series  (which  together  forms  a  separate  and  unconformable 
deposit)  lies  to  the  east  of  the  line  of  section  taken,  and  may  be 
altogether  omitted  from  consideration  in  this  question.  The  Middle 
Glacial,  although  it  was  a  deposit  formed  under  a  marine  climate 
very  different  from  that  obtaining  at  the  time  of  the  chalky  clay 
which  overlies  it,  yet  appears  to  have  been  a  deposit  form^  du- 
ring the  commencement  of  the  submergence  under  which  the  chalky 
clay  was  accumulated,  since  in  many  parts  it  passes  up  by  inter- 
bedding  into  that  clay.  Features  in  its  structure  and  position,  which 
I  hope  to  enter  upon  in  detail  on  a  future  occasion,  indicate,  more- 
over, as  it  seems  to  me,  that  although  the  marine  climate  was  so 
different  from  that  obtaining  when  the  chalky  clay  was  deposited 
as  to  have  permitted  neither  the  formation  of  Boulder-day  t  nor 
the  transport  of  rock-boulders,  yet  the  land  was  occupied  with  ice 
in  places  which  were  afterwards  covered  deep  below  the  chalky 
clay,  these  places  being  far  south  of  the  ice-limit  indicated  in  the 
outline  map.  The  line  of  section  crosses  this  deposit  at  one  part 
only,  the  bulk  of  it  lying  to  the  east  of  the  line,  though  a  consider- 
able development  of  it  also  occurs  to  the  west  of  it. 

The  middle  representation  of  this  triple  section  indicates  what 
I  conceive  to  be  the  conditions  obtaining  when  the  deposit  of  the 
chalky  clay  was  taking  place.  This  representation  supposes  a  de- 
pression of  from  600  to  700  feet  below  the  present  level,  and  it  shows 
this  day  as  forming  southwards  from  the  foot  of  the  ice-sheet  on 
the  western  side  of  the  Lincolnshire  Wold,  and  supplied  by  material 

*  The  purple  clay  with  chalk  forms  a  belt  in  Holdemess  and  East  Lincoln- 
.Mliire  that  overlaps  a  little  the  unshaded  part,  and  also  overlies  there  the  chalky 
clay  which  the  shading  represents.  See  sections  1, 5,  and  11  of  the  paper  of  Hr. 
Rome  and  myself  (Quart  Joum.  G^l.  Soa  vol.  xxiv.  pp.  148, 160,  and  169.) 

t  A  band  of  Boulder-clay  (chalky)  does  occur  in  the  Middle  Glacial  gravels 
at  one  or  two  localities,  and  serves  as  an  exception  to  prove  the  truth  of  thia 
rule. 
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extruded  bj  tliat  sheet  and  carried  away  bj  floating  ioe  from  the 
ioe-fbot  during  summer  and  distributed  oyer  the  soutii  of  England, 
there  to  intermingle  with  material  brought  from  other  parts  of  the 
ice-foot ;  and  it  is  just  at  the  part  where  the  section  so  encounters 
this  foot,  on  the  south-west  side  of  the  Lincolnshire  Wold,  that  the 
chalky  day  is  in  the  condition  of  almost  pure  chalk  and  is  quarried 
for  Hme.  The  middle  representation  then,  after  leaving  the  northern 
portion  of  the  linoolnshire  Wold  enveloped  in  ice,  intersects  the  ice- 
foot again  where  the  chalky,  or  basement,  day  of  Eastern  Holder- 
ness  (a)  indicates  that  the  Wold  d^ris  was  ako  extruded.  It  then 
exhibits  the  Yorkshire  Wold,  over  which  the  purple  day  without 
dialk  extends,  as  well  as  the  great  vale  beneath  the  Wold  where 
the  same  chaUdess  day  occurs,  as  entirdy  occupied  by  the  ice,  and 
the  sea  blocked  out  by  it. 

The  lowest  representation  of  this  triple  section  indicates  what  I 
ooncdTe  to  have  been  the  position  when  the  purple  day  without 
chalk,  and  with  Shap  boulders,  were  deposited.  Tlus  representa- 
tion supposes  a  further  depression  of  the  land  to  have  taken  place, 
so  as  to  bring  it  about  1500  feet  bdow  its  present  level,  and  that 
in  consequence  so  much  of  the  ice-sheet  as  had  before , enveloped 
the  Wold,  and  Med  the  great  vale  below  it,  had  been  floated  up 
and  wasted  away  by  the  sea,  so  that  only  the  higher  elevations  of 
the  north  and  north-west  of  England,  and  the  extreme  summits  of 
the  eastern  moorlands,  remained  enveloped  in  ice.  This  depression 
having  also  covered  the  lowest  parts  of  the  dividing  ridge  with  sea 
and  placed  the  Wolds  many  hundred  feet  under  water,  floating  ice, 
earrying  Shap  boulders,  was  enabled  to  pass  over  the  lowest  parts  of 
the  dividing  ridge ;  and  thus,  coincidently  with  the  termination  of 
all  supply  of  chalk  by  the  retreat  of  the  ice-sheet  from  the  Wold, 
consequent  upon  its  deep  submergence,  we  have  the  formation  of  a 
clay  destitute  of  that  material  and  containing  Shap-boulders,  which 
was  thrown  down  direct  on  the  floor  of  old  formations  over  the 
great  vale  that  skirts  the  Wold-escarpment,  and  generally  over  the 
north  of  England  previously  occupied  by  the  ice. 

This  deposit  of  1500  feet  submergence  is  represented  as  extend- 
ing over  the  purple  day  with  some  chalk,  because  we  can  prove  its 
extension  there  by  outliers  still  remaining :  but  how  much  frirther  it 
may  have  spread  in  a  southerly  direction  I  would  not  venture  to 
conjecture.  It  may  have  thinned  out  greatly  in  that  direction — 
probably  it  did  so — so  that  the  commencement  of  the  denudation 
wrought  by  the  sea  as  the  land  rose  removed  it,  and  with  it  went 
the  Shap  boulders ;  for  it  is  a  remarkable  fact  that,  wherever  any 
great  area  of  denudation  has  occurred  in  the  Boulder-day,  the 
various  boulders  of  that  formation  have  disappeared  along  with  the 
clay  itself. 

The  immense  volume  of  the  chalk  debris  which  has  been  shed 
out  to  form  the  chalky  clay  appears  to  me  to  necessitate  the  admis- 
sion that  there  was  a  long  period  in  which  the  land  and  its  enve- 
loping ice -sheet  remained  stationary,  at  about  the  limits  indicated 
in  the  map  and  in  the  middle  representation  of  the  triple  section.    I 
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should,  however,  mention  that  the  formation  of  this  clay  must,  I  think, 
have  commenced  when  much  of  the  country  to  the  south  of  the  sea- 
limit,  represented  in  the  sketch  map  (p.  102),  was  uncovered  by  sea, 
because  the  junction  of  the  chalky  clay  with  the  Middle  Glacial  sands 
indicates  an  uninterrupted  succession  of  deposit,  the  change,  abrupt 
as  it  is,  being  only  in  the  material  deposited,  viz.  from  sand  to  Boul- 
der-clay. Coupling  this  with  the  indications  everywhere  pointing 
to  the  circumstance  that,  during  the  Middle  Glacial  period,  the  sea 
does  not  appear  to  have  stood  more  than  from  400  to  450  feet  aboYO 
the  present  sea-level*,  we  must  suppose  the  area  of  sea  repre- 
sented in  the  map,  to  the  south  of  the  ice- sheet,  to  have  been  con- 
siderably less  at  the  commencement  of  the  chalky-day  deposit  than 
at  the  stage  selected  for  illustration.  Moreover  I  hope,  when  de- 
scribing the  Middle  Glacial  structure,  to  be  able  to  show  that  land 
much  below  this  elevation  was,  during  the  Middle  Glacial  deposit, 
occupied  with  ice  which  blocked  out  the  sea  of  that  formation,  pre- 
cisely as  I  have  represented  it  (in  the  triple  section)  as  doing  in 
Yorkshire  during  the  chalky-clay  deposit.  It  seems  to  me  also  to 
follow,  from  the  facts  touched  upon,  tiiat  it  was  during  this  interval 
of  pause  in  the  subsidence,  when  intense  cold  prevailed,  that  the 
truly  Arctic  fauna  of  Bridlington,  which  so  contrasts  with  that  of  the 
Middle  and  Lower  Glacial  formations,  gradually  became  established, 
and  that  thus,  the  Arctic  forms  having  become  denizens  of  this  part 
of  England  by  the  dose  of  this  interval,  we  find  it  in  fall  force  in 
the  Bridlington  bedf,  at  an  horizon  in  the  deposit  which  indicates 
a  very  early  stage  in  this  renewed  subsidence — ^that  is  to  say,  in  the 
lowest  or  chalky  part  of  the  purple  clay.  On  the  other  hand,  so  Selt 
as  the  molluBca  yet  obtained  afford  an  indication,  there  is  ground  for 
supposing  that  during  the  period  in  which  the  whole  of  that  thick 
body  of  deposits  forming  the  Cromer  cliff  was  accumulated,  and 
during  that  of  the  Middle  Glacial  sands  which  succeed  and  overlie  it, 
no  arctic  moUusk,  beyond  such  as  occur  in  the  Crag^,  except  TeUina 
halthica,  established  itself  in  these  parts.  The  introduction  of  Tellina 
halthica  constitutes  a  very  clear  palaaontological  horizon,  marking  the 
commencement  of  the  Glacial  formation,  which  (as  I  hope  on  a  future 
occasion  to  show)  exactly  coincides  with  a  physical  break  and  un- 
conformity with  tiie  Chillesford  beds  and  Crag  that  takes  place  at 
the  horizon  where  this  sheU  first  makes  its  appearace;  and  that 

*  The  highest  point  I  know  of  at  which  this  deposit  occurs  is  420  feet»  which 
is  on  the  north  side  of  Bugby. 

t  Many  of  the  peculiar  shells  of  Bridlington  have  been  found  at  depths 
equal  to,  and  eren  exceeding,  that  supposed  to  have  be^  the  depth  of 
Bridlington  at  the  time  of  the  setting  in  of  the  renewed  submergence. 
It  is,  however,  highly  probable  that  moUuscan  life  extends  to  much  greater 
depths  than  we  have  been  in  the  habit  of  supposing.  The  ice-foot  is  a  farourito 
habitat  of  moUuscan  life  ^see  Watson,  Trans.  Royal  Soc.  of  Edin.  vol.  xxiii. 
p.  538,  note) ;  and  Dr.  Sutlierland  speaks  of  the  extreme  depths  (1800  feet)  at 
which  the  Esquimaux  fish  for  halibut,  whose  food  doubtless  consists  of  moUusea 
living  at  those  depths. 

t  One  other  new  shell  besides  lias  been  obtained  from  the  Lower  Glacial 

HJli^™*  ^  J^^^"^  ^  *  8*"^^  ^^  freshwater  moUusca,  and  is  therefore 
omitted  from  the  hst. 
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break  I  find  to  be  greater  and  more  complete  than  I  once  thought. 
It  appears  also,  as  shown  by  the  list  before  given,  that  during  the 
Middle  Glacial  formation  several  Crag  shells  (the  greater  part  of 
which  are  non- Arctic)  of  which  we  get  no  trace  in  the  Lower  Glacial 
returned  to  their  former  habitat.  This  may  perhaps  be  due,  in 
part  (though  it  is  far  from  being  probable  that  it  is  so  in  the 
whole,  looking  at  the  non- Arctic  character  of  the  returned  group, 
and  the  abundance  of  some  of  the  shells  in  both  the  Crag  and 
Middle  Glacial),  to  the  incompleteness  of  the  series  of  moUusca 
obtained;  but  it  is  very  significant  that  amongst  this  group  of 
apparent  returns  are  two  shells  (Pecttmeulus  glycimerts  and  Ostrea 
eduUSf  neither  of  them  Arctic)  which  disappeared  even  during  the 
dqtoeition  of  the  upper  beds  of  the  Crag  itself. 

The  recommencement  of  subsidence  1  conceive  so  far  altered  the 
movementa  of  the  ice  that  a  material  of  which  we  find  no  trace  in 
the  great  diaUcy  day  became  extruded  over  Holdcmess,  viz.  that 
xedddiBh-brown  or  brownish-purple  sediment  in  which  some  chalk 
occurs.  The  beds  of  sand  and  bands  of  blue  and  blackish  chalky  day, 
alternating  with  bands  of  purple  day,  which  mark  the  junction  of 
the  purple  with  the  great  chalky  day  along  the  Holdcmess  coast, 
and  which  are  indicated  in  the  sections  of  Mr.  Rome  and  myself  as  well 
as  in  the  accompanying  vertical  section  by  the  letter  5,  seem  to  me 
to  indicate  the  termination  of  this  long  stationary  interval,  or  pause 
in  the  subsidence  during  which  the  great  volume  of  chalk  was  shed 
out,  and  the  setting  in  of  the  renewed  depression,  the  first  result 
of  which  was  the  limited  deposit  of  purple  clay,  wherein  the  chalk 
debris,  tolerably  abundant  at  first,  rapidly  diminishes  -in  quantity 
upwards,  and  the  eventual  result  the  passing  over  of  the  Shap 
boulders  and  deposit  of  the  purple  clay  without  any  chalk. 

The  transition  from  a  depression  of  600  or  700  feet  to  one  of  1500 
and  upwards  would,  we  may  infer,  produce  a  great  change  in  the 
conditions  under  which  the  moUusca  existed.  Our  ideas  about  the 
depths  which  mollusca  inhabit  are  undergoing  much  change  from  the 
dredging  expeditions,  and  our  knowledge  on  the  subject  is  too  dc- 
£Bctive  at  present  to  justify  any  conjectures  as  to  what  results 
might  in  this  respect  be  expected  to  ensue  on  the  purple-clay  sub- 
mergence. Our  knowledge,  moreover,  of  the  mollusca  of  the  pur- 
ple day  without  chalk  is  very  restricted.  Mr.  Leckenby  enume- 
rates* ten  spedes  as  obtained  by  himself  and  Mr.  Jefireys  from 
the  Glacial  beds  of  the  diff  about  Scarborough  and  Whitby,  which 
belong  to  the  purple  day  without  chalk  and  with  Shap  boulders 
and  with  gravel  intercalations  (c'  and  c  of  the  vertical  section). 
The  species  so  enumerated  are  as  follows: — Cardium  edule,  My- 
tiluM  edtdis,  Cyprina  islandica,  Venus  Uncta,  Astarte  horealis,  Astarte 
sulcata,  var.  elUpiica,  Tdlina  lata,  Tellina  halthica,  Mya  tru/ncata, 
var.  uddevaUensis,  and  Pholas  erispata. 

Theee  are  too  few  in  number  to  afford  any  reliable  comparison 
with  the  Bridlington  fauna ;  but,  as  far  as  they  go,  they  agree  satis- 
factorily with  the  newer  age  of  the  purple  clay  without  chalk 
*  Geol.  Mag.  vol.  ii.  p.  348. 
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which  I  have  been  deducing  from  physical  eTidence;  for  though 
we  do  not  find  any  one  of  the  peculiar  shells  of  Bridlington  amongst 
them,  all  of  them  belong  to  existing  forms,  and  one,  the  uddeval^ 
lensis  variety  of  Mya  truneata,  is  unknown  either  to  the  Crag,  to 
the  Lower,  or  to  the  Middle  Glacial,  and  is  also  unknown  at  Brid- 
lington, while  it  occurs  in  the  yet  newer  beds  of  the  Clyde,  and  is 
still  living. 

Very  unlike  the  Bridlington  fauna  also  is  that  of  Moel  Tryfaen,  given 
in  detail  by  Mr.  BarbiBhire*.  The  list  from  that  place  is  moreover 
equally  unlike  that  of  the  shells  from  the  Middle  and  Lower  Glacial 
and  from  the  Crag.  The  Moel-Tryfaen  fauna,  however,  must  have 
lived  when  this  country  was  depressed  nearly  as  much  below  the 
present  sea-level  as  it  was  when  the  Shap  boulders  came  over  into 
the  purple  clay ;  but  we  must  recollect  that  equal  degrees  of  de- 
pression do  not  necessarily,  even  if  the  movement  were  uniform, 
imply  an  identity  in  age  between  deposits  accumulated  under  them, 
since  the  one  deposit  may  have  been  formed  when  the  land  was 
going  down,  and  the  other  when  it  was  rising,  and  the  two  be  thus 
separated  by  a  not  inconsiderable  interval  of  time,  during  which 
material  changes  in  temperature  may  have  occurred.  The  Moel- 
Tryfaen  bed  therefore,  instead  of  being  synchronous  with  the  pur- 
ple clay  without  chalk,  may  not  improbably  belong  to  the  epoch 
of  emergence — ^that  is  to  say,  to  the  very  earliest  part  of  the  Post- 
glacial period,  that,  in  fact,  to  which  Mr.  A.  Geikie  refers  the  stra- 
tified drift  of  Scotknd. 

The  prevalence  of  high  land  throughout  Scotland,  coupled  with 
its  higher  latitude,  concur  to  suggest  that  the  ice-sheet  would  ding 
to  that  country  after  the  far  less  elevated  and  more  southern  dis- 
tricts of  the  east  and  cast  centre  of  £ngland  had  become  freed  from 
it ;  and  the  belief  is  therefore  strong  widi  me  that  the  Glacial  beds  of 
Scotland  belong,  if  not  wholly,  yet  in  greater  part,  to  such  later  deposits 
as  the  north-of-England  Glacial  clay.  One  remarkable  exception, 
however,  exists  to  this,  in  the  Aberdeenshire  bed  described  by  Mr. 
Jamieson  in  the  16th  vol.  of  the  Society's  Journal  (p.  347),  which, 
both  in  its  physical  structure  and  organic  contents,  seems  to  agree 
with  the  Middle  Glacial  formation  of  England. 

Note. — Since  this  paper  was  sent  in  with  the  lower  representa- 
tion of  the  triple  section  drawn  to  such  a  supposed  submergence 
(1500  feet)  as  would  cover  Stainmoor  Pass  with  sea,  I  have  been 
enabled,  by  the  kind  assistance  of  Mr.  Thos.  M'K.  Hughes  (who  is 
engaged  on  the  geological  survey  of  the  district),  to  point  out  what 
other  routes  than  that  of  Stainmoor  Pass  exist  by  which  floating 
ice  bearing  Shap  boulders  could,  so  far  as  elevation  is  concerned, 
have  passed  the  dividing  ridge  under  such  a  submergence  as  repre- 
sented.    These  routes  are  as  follows : — 

1.  Up  the  valley  of  the  Eden,  and  so  over  into  the  valley  of  the  lire,  and 
wenoe  into  Wenaleydale. 

*  Geol.  Mag.  vol.  ii.  p.  2M. 
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2.  Down  the  rtJlej  of  the  Lane  to  Sedbergh,  thenoe  up  the  Tmllej  of  the  Raw- 

ttiey,  or  ap  that  of  the  Clough,  and  so  over  into  the  rallej  of  the  Ure. 

3.  From  Sedbergh  up  the  yalley  of  the  Dee,  and  tw  oTer  into  the  Talley  of 

the  Widdale  becL  and  thenoe  into  Wensleydale. 

4.  Down  the  Talley  of  the  Lune  to  below  Kirkby  Lonsdale,  thenoe  up  the 

ndl^  of  the  Qreta  and  that  of  the  Dale  beck,  orer  into  the  Taliey  of 
the  Ghde  beck,  and  thenoe  over  again  into  the  Tsllej  of  the  Widdale  beok. 

5.  From  the  Ghde  beck  up  the  Gam  iMck,  and  so  oyer  into  Wharfedale. 

6.  From  the  Taliey  of  the  Greta  (as  in  No.  4^  up  that  of  the  Wenning,  and 

tiienoe  eiUier  bj  the  yalley  of  the  Anstwick  beck,  or  that  of  the  Fen  beck, 
orer  into  the  valley  of  the  Bibble,  and  thenoe  oyer  again  into  the  Talleys 
of  yarioos  becks  that  are  tributary  to  the  Aire. 

In  the  first  and  second  of  these  rontes,  the  highest  ground  re- 
quired to  be  covered  by  the  sea  seems  about  1200  feet,  in  the 
third  and  fourth  it  seems  about  1500  feet,  in  the  fifth  between 
1200  and  1300  feet,  but  in  the  sixth  there  seems  to  be  no  barrier 
above  800  feet,  while  Stainmoor  Pass  is  1400  feet  above  the  sea- 
leveL  The  height  of  the  top  of  Wasdale  Craig  (the  original  source 
of  the  boulders,  according  to  Prof.  Phillips)  is  marked  on  the 
Ordnance  map  as  1479  feet. 

The  lowest  of  these  several  elevations  would  accord  with  the 
phenomena  discussed  in  this  paper,  since  it  would  place  the  chalk 
Wold  below  the  sea-level.  I  conceive,  however,  that  a  considerable 
depth  of  sea- water  would  be  necessary  to  waste  the  ice  out  of  the 
vaUeys  along  the  transit  route  previously  occupied  by  the  ice-sheet ; 
and  until  this  was  effected  a  floating  transit  could  not  take  place ; 
but  it  is  remarkable  that,  according  to  those  who  have  studied  the 
distribution  of  the  Shap  boulders,  they  do  not  seem  to  occur  in 
Airedale,  along  which  dale  the  route  requiring  the  least  submer- 
gence passes,  and  that  it  is  by  the  more  elevated  route  of  Stainmoor 
that  most  of  these  boulders  have  come  into  the  east  of  Yorkshire. 
These  apparently  conflicting  phenomena,  and  similar  phenomena 
attending  the  non-transit  of  the  blocks  over  the  watershed  between 
the  Lune  and  the  Kent,  referred  to  by  Prof.  Phillips*,  appear  to  me 
susceptible  of  a  satisfactory  explanation  by  supposing  the  lower 
routes  to  have  continued  blocked  by  ice  after  a  higher  route  by 
which  the  blocks  have  passed,  such  as  Stainmoor,  had  become  ft'ee 
from  it,  and  so  remained  until  the  source  of  the  blocks  had  be- 
come submergedf.  If  that  explanation  be  the  true  one,  it  would 
seem  to  follow  that,  during  the  Postglacial  emergence,  no  ice  ex- 
isted in  th^e  parts  adequate  to  the  transport  ef  the  blocks  until 
after  the  lowest  of  these  routes  had  reached  the  surface  otherwise 
we  should  expect  their  transit  by  the  lower  routes  to  have  occurred 

*  See  Beport  of  Brit.  Assoc,  for  1864,  p.  66.  The  Professor  argues  that  the 
rdaiive  elevations  of  the  country  around  Wasdale  Craif  must  haye  greatly 
altered  since  the  diffusion  of  the  Dlocks,  in  order  to  reconcile  the  places  of  their 
oocnrronoe. 

t  The  depth  at  which  ice  floats  would  enable  it  to  pick  up  blocks  even  after  the 
parent  souroe  of  them  had  become  submerged ;  and  these,  by  the  many  turnings 
ower  and  sqaeeaings  up  which  occur  to  floating  ice,  might  become  transferred  to 
ice  of  so  much  less  draught  of  water  that  they  could  pass  even  higher  eleyations 
than  the  original  source. 
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at  that  time.  Later  than  this,  considerably,  however,  and  when  £u: 
larger  tracts  had  become  established  as  land,  we  get  from  the 
Hessle  day  evidence  that  ice  adequate  to  the  transport  of  blocks  of 
2  or  3  cubic  feet  in  dimensions  was  in  existence,  though  such 
blocks  are  but  very  rare  in  it. 

Discirssioir. 

Mr.  GwYK  Jeffrets  had  found  the  shells  of  Xelsea  and  elsewhere 
in  Yorkshire  to  be  mainly  arctic,  and  Mr.  Frestwich,  in  his  paper 
on  the  Boulder-clay  near  Hull,  had  first  pointed  out  their  glacial 
character.  In  the  late  dredgings  in  H.M.S.  *  Porcupine'  several  of 
the  species  before  known  as  fossil  at  Bridlington,  but  not  as  existing 
in  the  British  seas,  had  been  discovered.  In  fact  he  believed  that 
the  Bridlington  species,  with  but  few  exceptions,  had  now  been  found 
in  the  British  seas.  Similar  species  had  also  been  found  in  the 
Boulder-clay  in  Scotland. 

Prof.  Bamsat  was  pleased  to  find  the  author's  views  so  closely 
correspond  with  his  own  published  some  years  ago  fus  to  the  glacial 
phenomena  of  North  Wales,  though  based  on  another  part  of  the 
country.  He  thought  that  shells  might  be  found  by  careful  search 
in  the  low-lying  Boulder-clay  in  other  places  than  those  enume- 
rated, as  they  had  been  discovered  in  the  western  part  of  England. 

Mr,  Pbestwich,  though  inclined  to  accept  the  divisions  of  the 
Boulder-clay  in  Yorkshire  as  suggested  by  the  author,  was  not  so 
clear  as  to  his  divisions  in  the  south.  He  thought  the  presence  of 
chalk  in  the  clay  might  be  traced  to  the  contiguity  of  the  outcrop  of 
the  chalk  stratum.  The  shells  being  to  a  very  great  extent  recent, 
the  grouping  might  be  due  to  accidental  or  local  circumstances.  The 
Chillesford  clays,  in  his  opinion,  marked  the  commencement  of  the 
great  Glacial  period. 

Mr.  Ethebidoe  suggested  that  Nucula  CobbolditB,  Oardita  simUis, 
and  some  other  shells  not  found  in  the  British  seas,  proved  the 
arctic  character  of  the  Bridlington  fauna. 

Sir  Charles  Ltell  remarked  that  if  the  fjAuna  of  the  Lower  and 
Middle  Glacial  really  corresponded  so  closely  with  that  of  the  Crag, 
it  afibrded  a  strong  argument  against  their  being  of  the  same  age  as 
the  Bridlington  beds.  Perhaps  eventually  some  palseontological 
connexion  might  be  traced  throughout  the  series,  and  a  chronolo- 
gical scale  established. 

The  President  suggested  a  difficulty  in  the  marine  transport  of 
ice  from  Shap  Fell  to  Bridlington,  not  only  from  the  wind  blowing 
rarely  in  the  necessary  direction,  but  from  the  current  caused  by 
the  great  submerged  ridge  also  tending  to  carry  any  bergs  in  another 
direction.     He  thought  the  transport  by  sheet-ice  more  probable. 

The  Eev.  J.  L.  Eome  had  traced  the  Shap  granites  over  the  valley 
of  the  Eden,  across  Stainmoor  to  the  Yorkshire  side.  There  might 
have  been  difficulties  in  their  transport,  but  there  they  are.  Though 
they  were  found  in  Teesdale,  yet  the  intervening  ridge  of  millstone- 
grit,  2000  feet,  had  prevented  their  finding  their  way  into  Swale 
Dale. 
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Mr.  Ssjlbi.es  Y.  Wood,  Jan.,  stated  that  he  had  relied  on  Mr. 
Qwyn  Jeffireys's  works  for  his  classification  of  the  shells  as  being 
arctic  or  otiierwise.  He  regarded  the  succession  of  the  varioas 
members  of  the  Glacial  series  of  the  eastern  side  of  England  as  well 
founded,  and  borne  out  also  by  the  molloscan  remains.  He  utterly 
repudiated  the  notion  that  the  Chillesford,  Bridlington,  and  Kelsea- 
ffill  beds  were  on  the  same  horizon.  He  believed  nearly  the  whole 
of  the  Scotch  beds  to  be  newer  than  those  of  the  Middle  and  Lower 
Glacial.  He  quoted  Prof.  Phillips  as  suggesting  a  change  in  the 
relative  elevations  around  Shap  Pell  since  the  dispersion  of  the 
boulders,  and  offered  as  his  own  explanation  the  hypothesis  that 
the  passes  by  which  the  boulders  travelled  were  those  which,  though 
at  the  higher  levels,  were  the  soonest  freed  from  ice.  He  thought 
that  the  direction  of  the  current  was  influenced  by  other  causes  than 
the  general  trend  of  the  rocky  dividing  ridge. 
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\,  On  ihe  Graphite  of  the  Lattbektiait  of  Canada. 
By  J.  W.  Dawsow,  LL.D.,  F.R.S.,  F.G.S. 

(Bead  June  23,  1869*) 

Ik  my  paper  of  1864,  on  the  Organic  Bemains  of  the  Laurentian 
Limestones  of  Canada,  as  a  sequel  to  the  description  of  Eozoon 
Canadevise,  I  noticed,  among  other  indications  of  organic  matters  in 
these  hmestones,  the  presence  of  films  and  fibres  of  graphitic  matter, 
and  insisted  on  the  probability  that  at  least  some  of  the  lower  forms 
of  plant  life  must  have  existed  in  the  seas  in  which  gigantic  Fora- 
minifera  could  flourish.  Dr.  Hunt  had  previously,  on  chemical 
evidence,  inferred  tlie  existence  of  Laurentian  vegetation  f,  and 
Dana  had  argued  as  to  the  probability  of  this  on  various  grounds :(  : 
and  my  object  in  referring  to  these  indications  in  1864,  as  well  as 
to  the  supposed  burrows  of  annelids,  subsequently  described  by  me  §, 
was  to  show  that  the  occurrence  of  Eozoon  was  not  to  be  regarded 
as  altogether  isolated  and  unsupported  by  probabilities  of  the  ex- 
istence of  organic  remains  in  the  Laurentian  deducible  from  other 
considerations. 

Now  that  the  questions  which  have  been  raised  regarding  Eozoon 

*  For  the  Discunsion  on  this  paper  see  p.  406  of  the  last  voliuue  of  the 
Journal. 

t  'American  Journal  of  Science '  (2),  mi.  p.  395.  From  this  article,  written 
in  1861,  aft«r  the  announcement  of  the  existence  of  laminated  forms  supposed 
to  be  organic  in  the  Laurentian,  by  Sir  W.  E.  Logan,  but  before  their  structure 
and  affinities  had  been  ascertained,  I  quote  the  following  sentences : — "  We  see 
in  the  Laurentian  series  beds  and  reins  of  metallic  sulphurets,  precisely  as  ia 
more  recent  formations;  and  the  extensive  beds  of  iron -ore,  hundreds  of  feet 
thick,  which  abound  in  that  ancient  system,  correspond  not  only  to  great 
volumes  of  strata  deprived  of  that  metal,  but^  as  we  may  suppose,  to  organic 
matters  which,  but  for  the  then  great  diffusion  of  iron-oxyd  in  conditions 
favourable  for  their  oxydation,  might  have  formed  deposits  of  mineral  carbon 
far  more  extensive  than  those  beds  of  plumbago  which  we  actually  meet  in  the 
Laurentian  strata.  All  these  conditions  lead  us  then  to  conclude  the  exist- 
ence of  an  abundant  vegetation  during  the  Laurentian  period." 

X  Manual  of  G^logy.  I  may  also  be  permitted  to  refer  to  my  own  work 
*Arohaia,'  p.  168,  and  Appendix  D,  18C(). 

§  Quart.  Joum.  Geol.  Soc.  vol.  xxii.  p.  608. 
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may  be  considered  settled,  not  only  by  tbe  adhesion  of  the  greatest 
aa^orities  in  pakBontology  and  zoology,  but  by  the  disooTery  of 
similar  oiganisma  in  rocks  of  the  same  age  elsewhere,  by  speciniens 
presenred  in  sach  a  manner  as  to  avoid  all  the  objections  raised  to 
the  mineral  condition  of  the  fossil*,  and  by  the  disooveiy  of  snch 
modem  analogies  as  that  furnished  by  Bathyhius,  it  may  be  proper 
to  invite  the  attention  of  geologists  more  particoUurly  to  Uie  evidence 
of  vegetable  life  afforded  by  the  deposits  of  graphite  existing  in  the 
Laorentian. 

The  graphite  of  the  Lanrentian  of  Canada  occors  both  in  beds  and 
in  veins,  and  in  snch  a  manner  as  to  show  that  its  origin  and  depo- 
sition are  contemporaneous  with  those  of  the  containing  rock.  Sir 
William  Logan  states  f  that  '^  the  deposits  of  plumbago  generally 
occur  in  the  limestones  or  in  their  immediate  vicinity,  and  granular 
varieties  of  the  rock  often  contain  large  crystalline  plates  of  plum- 
bago. At  other  times  this  mineral  is  so  finely  disseminated  as  to 
give  a  bluisb-gray  colour  to  the  limestone,  and  the  distribution  of 
bands  thus  coloured,  seems  to  mark  the  stratification  of  the  rock." 
He  farther  states : — '*  The  plumbago  is  not  confined  to  the  lime- 
stones ;  large  crystalline  scales  of  it  are  occasionally  disseminated  in 
pyroxene  rock  or  pyraUoHte,  and  sometimes  in  quartzite  and  in 
feldspathic  rocks,  or  even  in  magnetic  oxide  of  iron."  In  addition 
to  these  bedded  forms,  there  are  also  true  veins  in  which  graphite 
occurs  associated  with  caldte,  quartz,  orthoclase,  or  pyroxene,  and 
either  in  disseminated  scales,  in  detached  masses,  or  in  bands  or 
layers  "  separated  from  each  other,  and  from  the  wall  rock  by  feld- 
spar, pyraxene,  and  quartz."  Dr.  Hunt  also  mentions  the  occur- 
rence oi  finely  granular  varieties,  and  of  that  peculiarly  waved  and 
corrugated  variety  simulating  fossil  wood,  though  really  a  mere  form 
of  laminated  structure,  which  also  occurs  at  Warrensburgh,  New 
York,  and  at  the  Marinski  mine  in  Siberia.  Many  of  the  veins  are 
not  true  fissures,  but  rather  constitute  a  net-work  of  shrinkage 
enu^ks  or  segregation  veins  traversing  in  countless  numbers  the 
containing  rock,  and  most  irregular  in  their  dimensions,  so  that 
they  often  resemble  strings  of  nodular  masses.  It  has  been  sup- 
posed that  the  graphite  of  the  veins  was  originally  introduced  as  a 
liquid  hydn>-carbon.  Dr.  Hunt,  however,  reganis  it  as  possible 
that  it  may  have  been  in  a  state  of  aqueous  solution  ^ ;  but  in  what- 
ever way  introduced,  the  character  of  the  veins  indicates  that  in  the 
esse  of  the  greater  number  of  them  the  carbonaceous  material  mu^t 
have  been  derived  from  the  bedded  rocks  traversed  by  these  veins, 
while  there  can  be  no  doubt  that  the  graphite  found  in  the  beds  has 

*  I  cannot,  after  eiamination  of  the  specimen,  and  of  others  subsequently 
oblanied  by  Sir  W.  E.  IxM»n,  attach  any  value  to  the  supposition  of  Messrs. 
Sowney  k  King  that  the  Tudor  specimen  has  been  produced  by  infiltration  of 
cartionBte  of  Ume  into  veins.  The  mechanical  arrangement  of  the  lamin«  and 
their  microeoopic  structure  forbid  such  a  supposition,  as  well  as  the  comparisoU 
of  them  with  actual  calcareous  veins  occurring  in  the  same  rock. 

t  *Oeology  of  Canada,'  1863. 

t   '  Beport  of  the  Geological  Surrey  of  Canada/  18ti6. 
VOL,  IXVI. — PART  I.  I 
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been  deposited  along  with  tiie  calcaieons  matter  or  muddy  and  sandy 
sediment  of  which  these  beds  were  originally  composed. 

The  quantity  of  graphite  in  the  Lower  Laurentian  series  is  enor- 
mous. In  a  recent  visit  to  the  township  of  Buckingham,  on  the 
Ottawa  Biver,  I  examined  a  band  of  limestone  believed  to  be  a  con- 
tinuation of  that  described  by  Sir  W.  £.  Logan  as  the  Green  Lake 
Limestone.  It  was  estimated  to  amount,  with  some  thin  inter- 
stratified  bands  of  gneiss,  to  a  thickness  of  600  feet  or  more,  and 
was  found  to  be  filled  with  disseminated  crystals  of  graphite  and 
veins  of  the  mineral  to  such  an  extent  as  to  constitute  in  some 
places  one-fourth  of  the  whole;  and  making  every  allowance  for 
the  poorer  portions,  this  band  cannot  contain  in  aU  a  less  vertical 
thickness  of  pure  graphite  than  from  20  to  30  feet.  In  the 
adjoining  township  of  Lochaber  Sir  W.  E.  Logan  notices  a  band 
from  25  to  30  feet  thick,  reticulated  with  graphite  veins  to  such 
an  extent  as  to  be  mined  with  profit  for  the  mineral.  At  another 
place  in  the  same  district  a  bed  of  graphite  from  10  to  12  feet  thick, 
and  yielding  20  per  cent,  of  the  pure  material,  lb  worked.  When  it 
is  considered  that  graphite  occurs  in  similar  abundance  at  several 
other  horizons,  in  beds  of  limestone  which  have  been  ascertained  by 
Sir  W.  £.  Logan  to  have  an  aggregate  thickness  of  3500  feet,  it  is 
scarcely  an  exaggeration  to  maintain  that  the  quantity  of  carbon  in 
the  Laurentian  is  equal  to  that  in  similar  areas  of  the  Carboniferous 
System.  It  is  also  to  be  observed  that  an  immense  area  in  Canada 
appears  to  be  occupied  by  these  graphitic  and  .£%»zo(m-limestone8,  and 
that  rich  graphitic  deposits  exist  in  the  continuation  of  this  system 
in  the  State  of  New  York,  while  in  rocks  believed  to  be  of  this  age 
near  St.  John,  New  Brunswick,  there  is  a  veiy  thick  bed  of  graphitic 
limestone,  and  associated  with  it  three  regular  beds  of  graphite, 
having  an  aggregate  thickness  of  about  5  feet*. 

It  may  fairly  be  assumed  that  in  the  present  world  and  in  those 
geological  periods  with  whose  organic  remains  we  are  more  familiar 
tiian  with  those  of  the  Laurentian,  there  is  no  other  source  of  un- 
oxidized  carbon  in  rocks  than  that  furnished  by  organic  matter,  and 
that  this  has  obtained  its  carbon  in  all  cases,  in  tiie  first  instance, 
from  the  deoxidation  of  carbonic  acid  by  living  plants.  No  other 
source  of  carbon  can,  I  believe,  be  imagined  in  the  Laurentian  period. 
We  may,  however,  suppose  either  that  the  graphitic  matter  of  the 
Laurentian  has  been  accumulated  in  beds  like  those  of  coal,  or  that 
it  has  consisted  of  difiused  bituminous  matter  similar  to  that  in  more 
modem  bituminous  shales  and  bituminous  and  oil-bearing  lime- 
stones. The  beds  of  graphite  near  St.  John,  some  of  those  in  the 
gneiss  at  Ticonderoga  in  New  York,  and  at  Lochaber  and  Buck- 
ingham and  elsewhere  in  Canada  are  so  pure  and  regular  that  one 
might  fairly  compare  them  with  the  graphitic  coal  of  Bhode  Island. 
These  instances,  however,  are  exceptional,  and  the  greater  part  of 
the  disseminated  and  vein  graphite  might  rather  be  compared  in  its 

*  Matthew  in  *  Quart.  Journ.  Geol.  Soc'  vol.  xxi.  p.  423.  Acadian  Geologr, 
p.  602. 
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mode  of  occurrence  to  the  bitaminous  matter  in  bituminooa  shales 
and  limestones. 

We  may  compare  the  disseminated  graphite  to  that  which  we 
find  in  those  districts  of  Canada  in  which  Silurian  and  Deyonian 
bitaminous  shales  and  limestones  have  been  metamorphosed  and 
converted  into  graphitic  rocks  not  diBsimilar  to  those  in  the  less 
altered  portions  of  the  Laurentian*.  In  like  manner  it  seems  pro- 
bable that  the  nnmerous  reticulating  veins  of  graphite  may  have 
been  formed  by  the  Begr^;ation  of  bitaminous  matter  into  fissares 
and  planes  of  least  resistance,  in  the  manner  in  which  such  veins 
ooear  in  modem  bitaminous  Umestones  and  shales.  Such  bitumi- 
nous veins  occur  in  the  Lower  Carboniferous  limestone  and  shale  of 
Dorchester  and  Hillsborough,  New  Brunswick,  with  an  arrangement 
very  similar  to  that  of  the  veins  of  graphite ;  and  in  the  Quebec 
rocks  of  Point  Levi,  veins  attaining  to  a  thickness  of  more  than  a 
foot,  are  filled  with  a  coaly  matter  having  a  transverse  columnar 
structoie  and  regarded  by  Logan  and  Hunt  as  an  altered  bitumen. 
These  palaeozoic  analogies  would  lead  us  to  infer  that  the  larger 
psrt  of  the  Laurentian  graphite  falls  under  the  second  class  of 
depositB  aboYe  mentioned,  and  that,  if  of  vegetable  origin,  the  organic 
matter  must  have  been  thoroughly  disintegrated  and  bituminized 
before  it  was  changed  into  graphite.  This  would  also  give  a  pro- 
bability that  the  vegetation  implied  was  aquatic,  or  at  least  that  it 
was  accumulated  under  water. 

Dr.  Hunt  has,  however,  observed  an  indication  of  terrestrial  v^e- 
tation,  or  at  least  of  subaerial  decay,  in  the  great  beds  of  Laurentian 
iron-ore.  These,  if  formed  in  the  same  manner  as  more  modem 
deposits  of  this  kind,  would  imply  the  reducing  and  solvent  action 
of  substances  produced  in  the  decay  of  plants.  In  this  case  such 
great  ore  beds  as  that  of  Hull,  on  the  Ottawa,  70  feet  thick,  or  that 
Bear  Newborough,  200  feet  thick  f,  must  represent  a  corresponding 
quantity  of  vegetable  matter  which  has  totally  disappeared.  It  may 
be  added  that  similar  demands  on  vegetable  matter  as  a  deoxidizing 
agent  are  made  by  the  beds  and  veins  of  metallic  sulphides  of  the 
laurentian,  though  some  of  the  latter  are  no  doubt  of  later  date 
than  the  Laurentian  rocks  themselves. 

It  would  be  very  desirable  to  confirm  such  conclusions  as  those 
above  deduced  by  the  evidence  of  actual  microscopic  stracture.  It 
is  to  be  observed,  however,  that  when,  in  more  modem  sediments, 
Alge  have  been  converted  into  bituminous  matter,  we  cannot  ordi- 
narily obtain  any  structural  evidence  of  the  origin  of  such  bitumen, 
and  in  the  graphitic  slates  and  limestones  derived  from  the  metamor- 
phosis of  such  rocks  no  organic  structure  remains.  It  is  true  that, 
in  certain  bituminous  shales  and  limestones  of  the  SUurian  system, 
shreds  of  organic  tissue  can  sometimes  be  detected,  and  in  some 
cases,  as  in  the  Lower  Silurian  limestone  of  the  La  Cloche  moun- 
tains in  Canada,  the  pores  of  brachiopodous  shells  and  the  cells  of 
eorals  hare  been  penetrated  by  black  bituminous  matter,  forming 

•  Granby.  Melbourne,  Owl's  Head,  &c.,  *Ghology  of  Canada,'  1863,  p.  599, 
t  Geology  of  Canada,  1863. 

Digitized  by  VjOOQ IC 


116  PBOCXBDnrOB  of  the  geological  80CIETT. 

what  may  be  regarded  as  natural  injections,  sometimes  of  muck 
beauty.  In  correspondence  with  this,  while  in  some  Laurentian 
graphitic  rocks,  as,  for  instance,  in  the  compact  graphite  of  Cla- 
rendon, the  carbon  presents  a  curdled  appearance  due  to  segregation, 
and  precisely  similar  to  that  of  the  bitumen  in  more  modem  bitu- 
minous rocks,  I  can  detect  in  the  graphitic  limestones  occasional 
fibrous  structures  which  may  be  remains  of  plants,  and  in  some 
specimens  vermicular  lines,  which  I  believe  to  be  tubes  of  Eozoon 
penetrated  by  matter  once  bituminous,  but  now  in  the  state  of 
graphite. 

When  pakBozoic  land-plants  have  been  converted  into  graphite, 
they  sometimes  perfectly  retain  their  structure.  Mineral  charcoal, 
with  structure,  exists  in  the  graphitic  coal  of  Rhode  Island.  The 
fronds  of  ferns,  with  their  minutest  veins  perfect,  are  preserved  ia 
the  Devonian  shales  of  St.  John,  in  the  state  of  graphite ;  and  in  the 
same  formation  there  are  trunks  of  Conifers  (Dadoxylon  onangon^ 
dianum)  in  which  the  material  of  the  ceU- walls  haa  been  converted 
into  graphite,  while  their  cavities  have  been  filled  with  calcareoua 
spar  and  quartz,  the  finest  structures  being  preserved  quite  as  well 
as  in  comparatively  unaltered  specimens  from  the  coal-formation*. 
STo  structures  so  perfect  have  as  yet  been  detected  in  the  Laurentian, 
though  in  the  largest  of  the  three  graphitic  beds  at  St.  John  there 
appear  to  be  fibrous  structures,  which  I  believe  may  indicate  the 
existence  of  land-plants.  This  graphite  is  composed  of  contorted 
and  sliokensided  lamin»,  much  like  those  of  some  bituminoas 
shales  and  coarse  coals;  and  in  these  there  are  occasional  small 
pyritous  masses  which  show  hollow  carbonaceous  fibres,  in  some 
oases  presenting  obscure  indications  of  lateral  pores.  I  regard  theae 
indications,  however,  as  uncertain ;  and  it  is  not  as  yet  fully  ascer- 
taiaed  that  these  beds  at  St.  John  are  on  the  same  geological  horizon 
with  the  Lower  Laurentian  of  Canada,  though  they  certainly  underlie 
the  Primordial  series  of  the  Acadian  group,  and  are  separated  from 
it  by  beds  having  the  character  of  the  Huronian. 

There  is  thus  no  absolute  impossibility  that  distinct  organic  tissues 
may  be  found  in  the  Laurentian  graphite,  if  formed  from  land-plants, 
more  especially  if  any  plants  existed  at  that  time  having  true  woody 
or  vascular  tissues ;  bat  it  cannot  with  certainty  be  affirmed  that 
such  tissues  have  been  found.  It  is  possible,  however,  that  in  the 
Laurentian  period  the  vegetation  of  the  land  may  have  consisted 
wholly  of  cdlular  plants,  as,  for  example,  mosses  and  lichens ;  and 
if  so,  there  would  be  comparatively  little  hope  of  the  distinct  pre- 
servation of  their  forms  or  tissues,  or  of  our  being  able  to  distinguish 
the  remains  of  land-plants  from  those  of  Algae. 

We  may  sum  up  these  facts  and  considerations  in  the  following 
statements : — ^First,  that  somewhat  obscure  traces  of  organic  struc- 
ture can  be  detected  in  the  Laurentian  graphite ;  seconSy,  that  the 
general  arrangement  and  microscopic  sixacture  of  the  substance  cor- 
responds with  that  of  the  carbonaceous  and  bituminous  matters  in 

*  Aoadian  Geology,  p.  535.  In  calcified  specimen!  the  Btruotores  remain  in 
the  graphite  after  decalcification  by  an  acid. 
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marine  formations  of  more  modem  date ;  thirdly,  that  if  the  Lau- 
rentian  graphite  has  heen  derived  from  yegetable  matter,  it  has  only 
imdeigone  a  metamorphosis  similar  in  kmd  to  that  which  organic 
matter  in  metamorphosed  sediment  of  later  age  has  experienced ; 
fourthly,  that  the  association  of  the  graphitic  matter  with  organio 
limestone,  beds  of  iron  ore,  and  metallic  sulphides  greatly  strengthens 
the  probability  of  its  Tegetable  origin ;  fifthly,  that  when  we  cchol- 
sider  the  immense  thickness  and  extent  of  the  Eozoonal  and  graphitic 
limestones  and  iron-ore  deposits  of  the  Lanrentian,  if  we  admit  the 
organic  origin  of  the  limestone  and  graphite,  we  must  be  prepared 
to  believe  that  the  life  of  that  early  period,  though  it  may  have 
existed  under  low  forms,  was  most  copiously  developed,  and  that  it 
equalled,  perhaps  surpassed,  in  its  results,  in  the  way  of  geological 
accumulation,  that  of  any  subsequent  period. 

In  conclusion,  this  subject  opens  up  several  interesting  fields  of 
chemical,  physiological,  and  geological  inquiry.  One  of  these  relates 
to  the  conclusions  stated  by  Dr.  Hunt  as  to  the  probable  existence 
of  a  large  amount  of  carbonic  acid  in  the  Laurentian  atmosphere, 
and  of  much  carbonate  of  lime  in  the  seas  of  that  period,  and  the 
possible  relation  of  this  to  the  abundance  of  certain  low  forms  of 
jdants  and  animals.  Another  is  the  comparison  already  instituted 
by  Professor  Huxley  and  Br.  Carpenter,  between  the  conditions  of 
the  Lanrentian  and  those  of  the  deeper  parts  of  the  modem  ocean.. 
Another  is  the  possible  occurrence  of  other  forms  of  animal  life  than 
Bozoon  and  Annelids,  which  I  have  stated  in  my  paper  of  1864» 
after  extenaive  microscopic  study  of  the  Laurentian  lunestones,  to  be 
indicated  by  the  occurrence  of  calcareous  fragments,  differing  in 
structure  from  Eozoon,  but  at  present  of  unknown  nature.  Another 
is  the  effort  to  bridge  over,  by  further  discoveries  similar  to.  that  of 
the  Eozoon  havaricum  of  Giimbel,  the  gap  now  existing  between  the 
life  of  the  Lower-Laurentian  and  that  of  the  Frimordliil  Silurian  or 
Cambrian  period.  It  is  scarcely  too  much  to  say  that  these  inquiriea 
open  up  a  new  world  of  thought  and  investigpation,  and  hold  out  the 
hope  of  bringing  us  into  the  presence  of  the  actual  origin  of  organic 
life  on  our  planet,  though  this  may  perhaps  be  found  to  have  been 
Prelaiirentian.  I  would  here  take  the  opportunity  of  stating  that, 
in  proposing  the  name  Eozoon  for  the  first  fossil  of  the  Laurentian^ 
and  in  suggesting  for  the  period  the  name  ''  Eozoic,"  I  have  by  no 
means  desired  to  exclude  the  possibility  of  forms  of  life  which  may 
have  been  precursors  of  what  is  now  to  us  the  dawn  of  organio 
existence.  Should  remains  of  still  older  organisms  be  found  in  those 
rocks  now  known  to  us  only  by  pebbles  in  the  Laurentian,  these, 
names  wOl  at  least  serve  to  mark  an  important  stage  in  geological 
iovestigation. 
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2.  Afeu)  Rbmasks  on  ^  Gboloot  of  the  GoviniBT  surrounding  the 
Gulf  of  Cajcbat,  in  Wbsiebk  India.  By  Alex.  Eogkes,  Bombay 
Civil  Service. 

(Bead  June  23, 1869*.) 

The  rapid  silting  ap  of  the  Gnlf  of  Cambay  gives  particular  interest 
to  an  inquiry  into  the  geological  conditions  which  probably  shaped 
it  in  remote  ages,  and  the  gradual  changes  which  have  modified  its 
original  form,  and  brought  it  to  its  present  state.  The  geological 
features  of  the  country  surrounding  the  Gulf  afford,  when  taken  as 
a  whole,  an  unusually  dear  due  to  the  nature  of  some  of  these 
changes,  and  may  assist  us  in  tracing  what  may  have  taken  place  in 
the  region  between  the  head  of  the  Gulf  and  the  present  mouths  of 
the  Indus,  and  in  the  desert  between  Eajpootana  and  Sind.  The 
former  comprises  within  itself  the  Great  Eunn  of  Cutch,  which  has 
already  received  much  attention  from  the  most  distinguished  geolo- 
gists. It  will  be  seen,  from  the  accompanying  rough  geological  map  of 
the  Gulf  and  its  neighbourhood  (fig.  1),  ^at  primary  or  metamorphic 
rocks  are  traceable  in  its  immediate  vicinity  only  in  a  small  tract  on 
its  west  coast.  Here  they  appear  in  isolated  peaks  of  from  a  few  to 
two  or  three  hundred  feet  in  height  above  the  alluvium  that  sur- 
rounds them  near  Ohumardee,  but  are  also  found  on  and  bdow  the 
general  level  of  the  country  for  about  fifty  miles  to  the  north  and 
north-west  of  that  village.  They  also  appear  on  the  east  of  the 
river  Myhee  to  the  north  and  north-west  of  the  hill  of  Powaghur 
in  a  predsely  similar  position  with  reference  to  the  surrounding 
country  to  those  on  the  west  of  the  Gulf.  In  both  these  localities 
even  the  highest  points  of  the  granite  peaks  show  signs  of  weather- 
ing, and  probably  also  of  the  erosive  action  of  waves.  The  same 
effects  being  visible  down  to  the  present  level  of  the  country,  and 
detritus  derived  from  the  long-continued  denudation  of  the  higher 
rocks  having  in  some  cases  accumulated  round  their  base  to  a  con- 
siderable depth,  prove  that  the  raising  of  the  levd  of  the  land,  the 
cause  of  the  granitic  rocks  now  appearing  as  islands  in  a  sea  of 
alluvium,  must  have  occupied  immense  periods  of  time.  Ghranitio 
and  metamorphic  rocks  appear  in  regular  ranges,  and  extending 
over  large  tracts  of  country,  for  the  first  time  fifty  or  sixty  miles 
north-east  of  Ahmedabad,  or  fully  a  hundred  miles  from  the  head 
of  the  Gulf,  running  in  an  easterly  and  north-easterly  direction^ 
Between  these  and  the  desert  that  lies  between  Eajpootana  and  Sind 
to  the  north-west,  and  as  far  as  Chitch  and  Xattywar  on  the  west 
and  south-west,  there  is  not  a  rock  to  be  found ;  all  is  deep  allu- 
vium, of  oonsistendes  varying  from  that  of  almost  pure  siliceous 
sand  to  that  of  the  rich  light-coloured  "  Goraroo  "  soil  of  Gooierat 
(which  may  in  some  places  be  cut  almost  as  butter  may  with  a  knife), 
and  the  deep  black  "  Eegur  "  or  cotton  soil.  Through  this  alluvium 
the  Saburmuttee  and  other  rivers  cut  their  way,  frequently  exposing 
sections  of  20  feet  or  30  feet  in  depth  without  a  trace  of  stone  in 

»  For  the  Discussion  on  this  paper  see  p.  441  of  the  last  yolome  of  the 
Journal. 
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Ji^  and  hardly  eren  oontaining  gravel.    It  is  worthy  of  note  that 
no  really  black  aoil  occnrs  in  all  the  region  through  which  these 

Pig.  1.  Map  of  the  country  surrounding  the  Qulf  of  Cambay, 


riyers  flow.     Between  the  Myhee  and  Sabunnuttce  rirers,  for  a  few 
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miles  to  the  south  and  south-east  of  the  former  near  its  mouth,  and  on 
the  west  bank  of  the  latter  to  about  halfway  between  Abroedabad  and 
the  head  of  the  Gulf,  the  soil  is  all  light-coloured,  containing  particles 
mostly  derived  from  the  primary  and  metamorphic  rocks  to  the 
north-east.  The  black  soil  lies  in  one  extensive  bed  to  the  west  of 
the  last-mentioned  limit  of  the  light-coloured  soil,  widening  out  on 
both  sides  towards  the  mouth  of  the  Saburmuttee,  and  down  the  west 
coast  of  the  Gulf,  but  becoming  lighter  after  it  reaches  the  granitic 
region.  This  westerly  belt  stretches  beyond  the  head  of  the  Gulf  as 
far  at  least  as  the  Lesser  Runn,  and  probably  impinges  on  the  Great 
Eunn  itself.  The  alluvial  soil  to  the  north  of  Baroda,  between  the 
Myhee  and  the  trap  range  running  to  the  north-east  from  Powaghnr, 
beyond  the  Champaneer  beds  mentioned  by  Mr.  Blanford,  is  of  a 
general  character  between  those  of  the  light- coloured  and  black 
varieties;  and  the  deltas  between  the  mouths  of  the  Myhee,  the 
Nerbudda,  the  Taptee,  and  a  point  about  fifty  miles  to  the  south  of 
Surat,  where  the  trap  touches  the  present  coast-line,  are  again  all 
black. 

We  have  now  to  consider  whence  these  enormous  alluvial  deposits 
can  have  been  derived.  With  regard  to  those  on  the  east-  coast  of  the 
Gulf  of  Cambay,  there  can  be  no  hesitation  in  ascribing  them  to  the 
gradual  action  of  the  two  large  rivers  Nerbudda  and  Taptee,  and  the 
numerous  smaller  streams  which  flow  from  the  east,  either  from  the 
western  range  of  Ghauts  or  passing  through  gorges  in  that  range 
from  further  east.  There  is  no  doubt  that  the  washings  of  the 
trap-rocks  which  compose  that  range  enter  largely  into  the  com- 
position of  the  black  soil  which,  as  already  stated,  occupies  almost 
the  whole  of  the  east  coast  of  the  Gulf ;  for  much  of  the  trap  is  amyg- 
daloidal,  and  zeolitic  minerals  derived  from  it  are  found  in  abund- 
ance in  the  soil.  But  this  cannot  be  said  of  the  light-coloured  soil 
on  the  north-east  of  the  Gulf,  which  must  be  chiefly  derived  from  the 
primary  and  metamorphic  rocks  in  that  direction  mentioned  above — 
or  of  the  black  belt  running  from  the  head  of  the  Gulf  in  a  north- 
westerly direction,  in  which  there  are  no  rock  formations  at  all  to 
account  for  the  colour  of  the  soil.  It  is  as  well  to  notice  here  that 
the  fact  of  this  belt  being  just  of  as  dark  a  colour  as  that  lying 
on  the  east  coast  apparently  militates  against  the  theory  that  this 
colour  is  derived  from  the  presence  of  iron  in  the  trap -rocks  from 
which  it  is  believed  to  be  formed.  The  Myhee,  the  Saburmuttee, 
and  other  streams  which  now  full  into  the  Gulf  at  its  northern  ex- 
tremity are  not  sufliciently  large  to  account  for  the  deposit,  espe- 
cially for  the  belt  of  black  soil  to  the  north-west,  extending  as  £Eur 
as  the  Lesser  Bunn.  Many  considerations  point  to  the  existence  in 
former  ages  of  some  large  river  flowing  down  from  the  north,  and 
falling  into  the  Indian  Ocean  somewhere  in  the  position  of  the  pre- 
sent Gulf  of  Cambay ;  and  it  is  not  improbable  that  that  river  may 
have  been  the  Indus.  It  may  have  been  that  the  original  course  of 
the  Indus  from  the  Punjaub  was  in  a  more  south-easterly  direction 
than  that  of  the  present  day ;  or  it  may  from  the  first  have  had 
several  mouths,  some  in  the  position  of  its  existing  delta,  others 
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fiiither  eastward,  in  the  podtioR  of  the  Greater  and  Lesser  Banns, 
to  the  west  and  east  of  Catch,  and  again  in  that  of  the  ooontiy  be- 
tween the  Lesser  Bonn  and  the  Golf  of  Cambaj.  In  this  last-men- 
tioned tract  of  country,  coinciding  to  a  great  extent  with  the  bhick- 
soil  belt,  there  can  be  dearly  traced  a  natnral  depression  in  the 
sui&oe  ci  the  coantry  for  some  twenty  miles  from  the  head  of  the 
Golf,  terminating  in  a  shallow  lake  of  brackish  water  called  the 
NolL  This  lake,  in  the  rainy  season,  is  probably  twenty  miles  long 
and  three  or  foar  broad,  and  finds  an  outlet  for  its  saperfluous 
waters  at  that  season  through  the  Bhogava,  which  enters  the  Gulf 
at  its  north-west  comer.  Shells  of  the  genus  Cerithium,  an  estuarine 
fonn,  are  found  lying  loose  in  the  black  soil  many  miles  from  this 
point;  and  the  records  of  the  old  Bevenue  Survey  of  Goozerat  state 
that  there  were  formerly  found  in  the  Null  large  round  stones  with 
hdss  through  them,  which  had  evidently  served  as  anchors  for  boats 
of  some  size.  In  all  this  we  have  strong  presumptive  evidence  of  a 
omnexion  between  the  Gulf  of  Cambay  and  the  Bunns  at  a  compa- 
ratively modem  period ;  and  there  is  historical  and  weU-known  proof 
of  the  alteration  of  the  level  of  the  larger  of  these  salt  fiats  as  the 
consequence  of  an  earthquake  in  a.d.  1819.  May  we  not,  then, 
imagine  a  time  before  the  great  trap  ef^sions  of  Western  India  had 
been  poured  out,  when  the  granite  rocks  on  the  west  and  north-east 
of  the  Gulf  were  wave-beaten  islets  surrounded  by  the  Indian  Ocean, 
whidi  then  probably  covered  the  whole  region  up  to  the  Cretaceous 
formations  of  Central  India,  at  the  mouth  or  one  of  the  mouths  of 
the  Indus  or  some  corresponding  great  river?  In  a  report  lately 
made  by  Mr.  Blanford,  of  the  Geological  Survey  of  India,  the  age  of 
tiie  great  trap  formation  of  the  Deccan  and  Malwa,  of  which  that 
lying  on  the  east  of  the  Gulf  of  Cambay  forms  a  part,  has  been 
detmnined  to  be  between  the  Cretaceous  and  the  Lower  Eocene. 
This  eofnclusion  has  been  come  to  mainly  from  an  examination 
of  the  Nummulitic  formation  between  the  Taptee  and  Nerbudda 
riven.  Mr.  Blanford  has  also  shown,  from  an  examination  of 
these  traps  and  the  intertrappean  formations  of  Bombay  and 
other  places,  that  there  have  been  not  one  but  many  successive 
eruptions  and  accumulations,  probably  extending  over  long  periods. 
May  it  not,  then,  have  been  that  previously  to  any  of  these  the 
Indus  had,  if  not  its  sole,  at  least  its  most  easterly  mouth  in 
the  Gulf  of  Cambay?  that  on  the  upheaval  of  the  trap  the  tract 
to  the  west  and  south-west  of  the  primary  and  metamorphio 
rodks  to  the  north-east  of  the  gulf  was  raised,  and  has  since 
risen  gradually  so  as  to  throw  the  course  of  the  river  more  and 
more  to  the  westward,  drying  up  successively  its  channels  of  com- 
munication with  the  Gulf  of  Cambay  and  the  Lesser  and  Greater 
Bunns  until  it  attained  its  present  course  and  exit  into  the  Indian 
Ocean  near  Kurrachee?  If  there  is  trath  in  the  theory  that  rivers 
running  towards  the  equator  from  the  north  and  south  have  a  ten- 
dency, in  consequence  of  the  earth's  diurnal  motion,  to  wear  away 
their  western  banks,  this  may  have  assisted  the  westward  motion 
of  the  river.     Before  the  final  upheaval  of  trap  on  the  north-east  of 
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the  gulf,  moreoYer,  it  is  probable  that  the  drainage  of  the  country 
to  the  west  of  Malwa  found  its  way  to  the  ocean  in  a  south-westerly 
direction,  and  that  that  upheaval  diverted  it  to  the  north,  as  seen 
by  the  course  of  the  two  principal  tributaries  of  the  Myhee,  the 
Fanum  and  Unnas,  which  join  that  river  before  it  takes  its  final 
bend  to  the  south-west.  The  original  slope  of  the  country  in  that 
direction  from  the  time  at  which  it  began  to  assume  its  present 
general  configuration,  may  be  inferred  from  the  position  of  the 
granitic  and  other  formations  mentioned.  The  nortiicrly  course  of 
these  two  tributaries  of  the  Myhee,  the  tilting  up  in  the  same  direc- 
tion of  the  metamorphic  rocks  to  the  north  of  Dohud,  and  the  ex- 
istence of  a  large  freshwater  limestone  formation  in  the  same  neigh- 
bourhood, in  the  country  between  the  trap  and  metamorphic  rocks, 
point  to  the  sudden  diversion  of  the  drainage  of  the  tract  to  the 
west  of  Malwa  towards  the  north,  and  the  formation  of  large  fresh- 
water lakes.  The  existence  of  these  is  proved  by  specimens  contain- 
ing BWiymUj  Paludina,  and  probably  imperfect  remains  of  Phyta^ 
possibly  of  the  same  age  as  those  from  Nagporo  collected  by  the  late 
Mr.  Hiislop.  This  formation,  however,  has  only  been  very  cursorily 
examined  by  me  in  the  course  of  hurried  official  visits,  and  may  yet 
yield  far  better  specimens  than  those  now  before  me. 

As  soon  as  the  gulf  assumed  somewhat  of  its  present  form,  the 
access  of  water  to  it  from  the  north-west  having  become  cut  off,  the 
process  by  which  it  is  now  being  rapidly  silted  up  must  have  com- 
menced. ThlB  has  been  of  a  twofold  nature,  namely,  the  bringing 
down  of  alluvium  by  the  Saburmuttee,  the  Myhee,  the  Nerbudda, 
the  Taptee,  and  other  smaller  rivers,  and  the  deposit  of  silt  by  the 
action  of  the  tide.  The  gulf  being  somewhat  frinnel-shaped,  the 
bore  runs  up  it  with  considerable  force,  leaving  behind  it  as  the 
tide  glides  down  again  towards  the  ocean  a  deposit  clearly  visible  to 
the  naked  eye.  When  this  silting  first  commenced  at  the  head  of 
the  gulf  the  rivers  flowing  into  it  from  the  east  could  not  have  had 
sufficient  time  to  bring  down  the  enormous  amount  of  alluvial  deposit 
now  found  along  that  coast,  and  mostly  derived  from  the  denudation 
of  the  traps.  The  Nummulitic  and  more  recent  formations  betweoi 
the  Nerbudda  and  Taptee,  and  on  the  opposite  coast,  near  Gogo, 
with  which  the  Island  of  Ferim  was  probably  connected  at  no  very 
distant  date,  would  thus  have  found  time  to  accxmiulate.  As  the 
silting  process  extended,  the  limits  of  the  sea  would  be  thrown  further 
back,  the  older  rocks  on  the  west  and  north-east  of  the  gulf  would 
be  the  first  enveloped  in  the  silt,  and  finally  the  Nummulitic  and 
more  recent  formations  would  be  left  high  and  dry  as  the  silt  en- 
croached upon  and  narrowed  the  gulf.  We  should  then  be  approach- 
ing the  time  of  man's  appearance  on  earth ;  and  recent  discoveries  of 
stone  implements  in  India,  especially  those  in  the  Madras  Fresidency 
by  Mr.  Eoote,  have  rendered  the  minute  examination  of  the  geology 
of  that  period  in  Western  India  of  great  importance.  The  formation 
in  which  Mr.  Foote  has  found  these  objects  is  said  to  be  laterite, 
whidi  he  is  of  opinion  must  have  been  deposited  in  a  shallow  sea. 
Interesting  questions,  therefore,  at  once  arise  as  to  whether  that 
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lateiite  is  the  same  in  age  and  composition  as  the  laterite  of  western 
India.  Their  difference  has  afaready  been  pointed  out  by  Newbold 
and  Aytonn ;  and  that  in  Madras  may  be  presumed,  for  the  foUowing 
reasons,  to  be  of  a  mnch  later  date  Uian  that  of  Bombay,  probably 
only  a  lateritic  or  fermginous  conglomerate.  The  laterite  of  Bombay 
orerliee  the  grei^t  Irap  formation  at  all  eleyations  of  from  less  than 
a  hundred  feet  above  the  IctoI  of  the  sea  in  the  country  round  the 
Gulf  of  Cambay  to  5000  or  6000  feet  aboTO  it  on  the  h^hest  Ghant- 
leTel.  In  connexion  with  the  Turkeysur  nummulitic  rocks,  Mr. 
Wynne,  in  his  B«port  on  the  Geology  of  the  Surat  CoUectorate, 
speaks  as  follows : — 

''  A  low  range  of  hills  rises  near  this  town  and  stretches  south- 
wards towards  the  Taptee ;  they  are  formed  of  ferruginous  or  lateritio 
beds  intercalated  between  agate  conglomerates,  and,  having  a  low 
dip  to  the  west,  they  pass  beneath  the  limestone  just  mentioned 
[grey  nummulitic],  which,  howeyer,  is  traceable  along  their  flank 
and  reappears  in  the  Taptee  river  at  the  end  of  the  range,  being  let 
down  by  a  fault  to  a  lower  level,  but  preserving  its  westerly  dip, 
and  seen  to  be  overlain  again  by  another  band  of  laterite." 

Here  it  appears  that  laterite  is  both  below  and  above  Nummulitic 
limestone.  There  can  thus  be  no  doubt  that  this  laterite  belongs  to 
the  Lower  Eocene.  The  rocks  of  the  Nummulitic  series  near  GuUa 
on  the  Taptee,  at  the  distance  of  a  few  miles  south  of  Turkeysur, 
are  reported  by  Mr.  Wynne  to  overlie  those  of  the  latter  place,  and 
are  thus  a  little  higher  in  the  Eocene.  The  laterite  in  the  neigh- 
bourhood of  Turbhan,  to  the  south-east  of  Burat,  is  described  in  the 
tame  report  as  compact  and  breociated,  and  as  being  of  a  very  similar 
character  to  that  just  mentioned.  There  seems  to  be  no  doubt 
that  this  laterite  is  precisely  similar  in  mineral  character  to  that  of 
the  Deccan,  which  caps  the  western  Ghauts  or  Syhadree  range, 
Mahableshwur,  &c.f  frequently  at  the  top  of  precipitous  scarps 
thousands  of  feet  in  height  above  the  level  of  the  low  country  of 
Goozerat.  There  is  no  apparent  reason  for  supposing  that  the 
laterites  of  the  high  and  low  levels  are  referable  to  at  all  widely 
separated  geological  ages,  the  evidence  of  the  agate  conglomerates 
near  Turkeysur,  intercalated  between  lateritic  beds,  being  the  only 
proof  of  the  rock  having  been  deposited  at  different  times. 

Mr.  Blanford,  in  reporting  on  the  age  of  the  traps,  admits  that 
denudation  must  have  taken  place  to  an  immense  extent  after  the 
Nummulitic  rocks  were  deposited ;  and  the  rare  occurrence  of  laterite 
in  the  low  country  may  probably  be  attributed  to  this.  Bubsequent 
upheaval,  too,  is  proved  by  the  position  of  the  lateritic  beds  to  the 
south  of  Gogo ;  these  have  been  broken  up  from  below,  and  lie  as 
they  were  thrown  over  on  the  flanks  of  some  of  the  hills.  This 
might  account  for  the  disruption  of  the  Island  of  Ferim  from  the 
mtunland ;  but  only  a  much  more  violent  action  would  have  sepa- 
rated the  laterites  of  the  high  and  low  levels,  supposing  them  to 
have  been  deposited  under  similar  geological  circumstances.  This 
rook,  again,  appears  at  precisely  the  same  level  on  the  opposite  sides 
of  valleys  in  the  Concan  and  Deccan,  giving  ample  proof  of  denuda- 
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tion ;  but  under  what  circaniBtaiioes  this  could  have  taken  place,  and 
whether  before  or  subsequently  to  the  deposition  of  the  L^terite  in 
the  low  country  of  Goozerat,  does  not  seem  to  have  been  inquired 
into.  The  inquiry  may  be  recommended  to  Indian  geologists  as 
one  of  great  interest. 

P.S. — Since  writing  the  foregoing  remarks  on  the  probability  of 
the  Indus  or  some  lai^e  river  from  the  north  having  once  found  its 
way  into  the  Gulf  of  Oambay,  I  have  seen  quotations  from  Prof.  Max 
MiUler's  translation  of  the  Yedas,  which  prove  that  at  the  time 
some  of  them  wero  composed,  the  Suruswuttee,  the  most  easterly  of 
the  Punjaub  rivers,  which  now  loses  itself  in  the  desert  of  Rajpootana, 
flowed  into  the  Indian  Ocean.  This  confirms  to  some  extent  the 
theory  of  the  cause  of  the  alluvial  deposit  at  the  head  of  the  Gulf 
of  Cambay. 


3,  On  the  Rodentia  of  the  Sombbset  Cavxs. 
By  W.  A.  SA2TP0KD,  Esq.,  F.G.S. 

(Bead  June  23, 1869*  ) 

[Plate  Vm.] 

HAvme  recently  examined  the  collection  of  Bodentia  from  the  So- 
merset Caves  in  the  Taunton  Museum,  I  find  that  several  of  the 
specimens  cannot  be  roferred  to  spedes  which  have  hitherto  been 
considered  members  of  the  fauna  cotemporary  with  the  Mammoth 
{ElepJuu  2>rimigenvus)  in  Britain. 

1.  Genus  Arvioola, — As  usual,  bones  and  teeth  of  one  or  the  other 
of  the  closely  allied  species,  or  perhaps  varieties,  which  are  about  the 
size  of,  and  have  a  dentition  similar  to  that  of  Arvicola  ampJUbius, 
abound  in  the  Somerset  Caves;  but  they  are  all  fragmentary,  and,  as 
the  observed  differences  between  these  species  principally  depend  on 
the  proportions  of  different  parts  of  the  animals,  and  not  upon  differ- 
ences of  form  of  the  parts  themselves,  it  is  useless  with  our  present 
materials  to  attempt  to  determine  to  which  of  these  forms  the  fossUB 
belong ;  it  will  be  convenient  to  class  them,  as  hitherto,  as  the  bones 
of  our  common  Water-rat  (Arvicola  amphibius,  linn.). 

2.  Arvicola  glareolus  (Schreber)=:prafen«M  (Baillon)  srt^parus 
(Yarrell),  appears  to  be  a  rare  cave  ammal.  We  have  never  met 
with  but  two  jaws ;  one  of  them  Ib  from  Hutton  Cave,  and  is  in  the 
Taunton  Museum. 

3.  We  have  met  with  several  lower  jaws  the  dentition  of  which 
is  identical  with  that  of  Arvicola  agrestis  (linn.) ;  but  the  diastema 
between  the  molars  and  incisor  is  longer,  and  the  lower  jaw  itself  is 
straighter  in  this  part  than  in  the  recent  jaws  with  which  we  have 
compared  it.  In  tibis  the  jaws  approach  Arvicola  raUiceps  (Blasius) ; 
but  we  do  not  regard  the  difference  as  other  than  varietal. 

4.  Among  the  bones  hitherto  referred  to  Arvicola  agrestis  we 

\  •  See  p.  444  of  the  iMt  Tolume. 
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fomid  the  anterior  part  of  a  8kQU(Pl.  YIII.  fig.  l,a,bye,d)  andseyeral 
lower  jaws  of  a  Ic^er  form.  These  appear  to  be  undistrngnishable 
from  tiiose  of  Arvieola  ratticeps  ^  Lemmus  medius  (Neilaon),  the 
recent  animal  being  an  inhabitant  of  Bnasia,  Western  Siberia,  and 
Norwaj. 

The  h>wer  jaw  is  easily  recognizable  by  the  formation  of  the  an- 
terior molar  (PL  YIII.  fig.  1,  d),  in  whidi  the  two  anterior  colnmns 
coalesce  on  the  external  surface,  while  they  are  well  defined  inter- 
nally. The  upper  dentition  closely  resembles  that  of  Arvieola 
agrestia ;  but  the  posterior  molar  differs  slightly,  but  constantly,  in 
form  (PL  Yin.  fig.  1,  a).  Excellent  plans  of  the  teeth  of  these  four 
forms  are  to  be  found  in  Blasius,  '  Wirbelthiere  Deutschlanda,'  from 
which  a  dearer  idea  of  the  minute  differences  which  characterise  the 
species  can  be  obtained  than  firom  the  most  detailed  description. 

5.  Five  lower  jaws  (PI.  YIII.  ^.  2  a,  6)  exist  in  the  Taunton 
Museum,  which  we  cannot  refer  to  any  recent  or  fossil  form  with 
which  we  are  acquainted :  they  are  nearly  as  large  as  those  of  ^rvi- 
€ola  an^tbius ;  a  depression  usually  found  on  the  internal  surface  of 
the  mandible,  under  the  alyeolar  border  of  two  anterior  molars,  does 
not  exist  in  these  jaws ;  this  gives  the  jaw  a  peculiarly  robust  appear- 
ance. The  chief  peculiarity  is  in  the  dentition,  whidfi  closely  resem- 
bles that  of  Arvieola  subterraneus  (De  Selys),  one  of  the  most  minute 
forms  of  the  genus.  The  anterior  and  characteristic  molar  (PI.  YIII. 
fig.  2  6)  has  six  equally  deyeloped  columns  on  the  inside,  and  five 
externally;  these  ^ve,  on  the  plan  of  the  tooth,  nine  well-marked 
triangles,  the  anterior  and  posterior  of  which  form  both  internal  and 
exteraal  columns  or,  rather,jbuttresse8.  We  have  met  with  no  recent 
teeth  so  large  as  these,  with  this  amount  of  complication.  It  is  pos- 
siUe  that  Arvieola  ambiffuus  of  the  Brdches  de  Coude,  described  by 
M.  Pomel,  may  be  of  the  same  species ;  but  we  have  had  no  oppor- 
tunity of  comparing  the  specimens,  and  have  seen  no  description  of 
tiie  teeth ;  we  therefore  propose  to  name  the  form  provisionally  Arvi^ 
cola  OuUdmiy  after  the  energetic  explorer  of  the  Somerset  caves, 
the  Bev.  D.  Williams. 

6.  Genus  Lemmus. — ^We  find  six  lower  jaws,  which  most  closely 
resemble  those  of  Lemmus  norvegicus  (Desmarest) ;  they  are,  however, 
sUghtly  smaller,  and  the  condyle,  with  its  neck,  is  slightly  more 
slender  in  proportion  to  the  size  of  the  jaw :  we  cannot,  with  our 
present  means  of  information,  ascribe  to  these  differences  a  greater 
than  varietal  value  (PL  YIII.  fig.  3,  a,  6). 

7.  The  anterior  portion  of  a  skull  exhibits  a  form  of  dentition 
and  some  other  peculiarities  which  show  the  animal  to  which  it 
belonged  to  be  as  closely  allied  to  Lemmue  torquatus  (Desmarest)  as 
the  b^ore-mentioned  jaws  are  to  Lemmus  norvegicus  :  the  difference 
appears  to  be  solely  that  .of  size,  the  fossil  being  larger  than  the 
leoent  specimens  in  the  British  Museum  with  which  we  have  com- 
pared it.  It  is  probably  identical  with  the  animal  which  Dr.  Black- 
more  found  in  the  Fisherton  deposits  near  Salisbury.  The  posterior 
upper  molar  of  Lemmus  norvegicus  and  Lemmus  ohensis  is  of  a  totally 
different  form  from  that  of  Lemmtts  torquatus  and  grotnlandieus,  the 
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columiiB  of  which  it  is  composed  being  pressed  together  so  as  to 
allow  of  no  interval  between  them,  whereas  in  the  last  two  it  ia 
of  the  ordinary  Aryicoline  character ;  but  they  have  four  columns 
both  externally  and  internally.  The  penultimate  molar  has  three 
columns  both  externally  and  internally,  and  the  anterior-  three  in- 
ternally and  four  externally ;  and  L.  torquatua  is  further  distin- 
guished by  a  minute  accessory  posterior  column  to  these  two  teeth. 
In  all  these  characters  the  fossil  closely  agrees  with  L.  iorquatusy  aa 
well  as  in  the  form  of  the  palatine  aspect  of  the  maxillaries  and 
palatine  bones,  and  of  the  naso-palatine  foramen,  whereas  it  differs 
from  the  other  three  species  in  these  respects.  The  agreement  in 
size  between  this  upper  jaw  and  the  lower  jaws  last  described  is 
singular,  and  indicates  the  possibility  that  they  may  have  belonged 
to  tiie  same  animal ;  but  as  I  have  shown  that  L.  torqxuxbu  and  L, 
norvegicus  belong  to  different  sections  of  the  genus,  it  is  hardly 
probable  that  we  have  in  the  fossil  an  animal  uniting  the  charac* 
teristics  of  the  lower  jaw  of  the  one  to  the  upper  jaw  of  the  other. 
We  think  it  safer,  for  the  present,  to  describe  one  as  a  small  variety 
of  L.  norvegicus,  and  the  otiier  as  a  large  variety  of  L,  torquaJtuB 
(PI.  Vni.)  fig.  4,  a. 

8.  Genus  Lagomys, — Lagamys  spelceus  (Owen)  has  yi^ded  two 
lower  jaws — one  fi^m  Hutton,  found  by  Mr.  Beard,  and  a  second, 
found  by  Mr.  Williams,  which  exactly  corresponds  in  condition  with 
it.  Botii  are  stouter  tiian  the  specimens  of  Lagamys  pusillus  with 
which  they  have  been  compared ;  but  the  cave-Pika  was  certainly 
variable  in  this  respect,  and  some  jaws  wo  have  recently  met  with 
in  Kent's  Hole  do  not  appear  to  be  larger  or  stouter  than  the  small 
recent  Siberian  animal ;  in  other  respects  they  coincide :  we  there- 
fore consider  it  most  probable  that  the  cave  animal  was  a  variety 
of  Lagcmys  pustUua, 

9.  Genus  Lepua, — ^In  examining  very  numerous  bones  of  Lqms 
which  we  have  met  with,  which  are  found  side  by  side  with  the 
bones  of  EUphas  primigmius  and  its  associated  fauna,  and  com- 
paring them  with  those  found  in  more  recent  beds,  and  with  the 
bones  of  Lepva  timiduSf  we  have  been  much  struck  by  the  almost 
uniformly  larger  size  of  all  the  bones,  particularly  of  the  skuUs  of 
the  more  ancient  animal.  The  same  thing  appears  also  to  have 
struck  the  French  paleontologists  ;  they  have  consequently  named 
the  larger  and  stouter  form  L^va  diluvianus  (Pictet). 

A  complete  skull  (PL  VIII.  ^,  6),  many  and  considerable  frag- 
ments of  others,  and  a  large  number  of  lower  jaws  and  of  other 
bones  have  enabled  us  to  make  a  comparison  for  which  no  previous 
opportunity  appears  to  have  existed.  These  bones  are  from  Hutton» 
Banwell,  and  several  other  Mendip  oaves,  as  well  as  fi^m  Eenf  s 
Hole  and  some  other  localities  out  of  the  county  of  Somerset. 

In  the  examination  of  the  skulls  of  hares  generally,  when  a  large 
series  of  individuals,  as  well  as  of  species,  is  compared,  we  have 
found  that  what  at  first  might  appear  to  be  a  specific  difference  is  so 
frequently  obliterated  by  individual  variation,  that  it  is  extremely 
difficult  to  seize  characters  by  which  even  entire  skulls  can  be  diffe- 
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lentiated.  But  the  entire  skull  and  the  many  fragments  in  the 
Taunton  Museum  differ  £ar  more  from  any  recent  skullB  with  which 
we  have  been  able  to  compare  them  than  almost  any  of  those  of  the 
ezistmg  species  of  the  restricted  genus  Lejms  do  from  each  other. 
A  reference  to  the  table  of  measurements  at  the  end  of  this  paper 
will  show  the  almost  ^gantic  size  of  the  fossil  form. 

A  minute  description  of  the  skull  and  other  bones  would  require 
an  undue  amount  of  space ;  but  the  following  are  a  few  of  the  most 
salient  characters  which  appear  to  be  constant.  The  frontals  differ 
in  form  from  those  of  every  hare  with  which  we  have  compared 
them,  with  the  exception  of  those  of  the  much  smaller  form,  Lepus 
aUaieus  of  the  British  Museum  Catalogue ;  but  in  the  skulls  of  this 
animal  the  postorbital  processes  are  much  less  developed,  and  do 
not  extend  as  fieur  back  as  the  parietals,  with  which  these  processes 
coalesce  in  the  fossiL  In  this  respect  the  fossil  agrees  with  the 
Bekalek  or  Polar  hare,  L^pus  areUcua  ;  it  also  resembles  this  animal 
in  the  comparatively  great  depth  of  the  malar ;  but  in  no  other  re- 
spect have  the  aniinalfl  any  near  affinity,  the  skull  being  compara- 
tively much  longer.  From  all  other  hares  with  which  we  have  com- 
pared it,  it  differs  by  the  depression  on  the  malar  being  carried  much 
further  forward,  by  the  angle  formed  by  this  bone  with  the  ascending 
process  of  the  maxillary  which  forms  the  anterior  border  of  the  orbit 
being  much  more  distinctly  marked  and  less  rounded  off,  as  well  as  by 
the  greater  development  of  the  posterior  process  of  the  malar.  We 
have  found  too  much  individual  variation  in  the  minute  comparative 
measurements  of  the  different  bones  of  the  skull  to  trust  to  any  of 
them  as  specific  distinctions ;  but  the  aspect  of  the  whole  skull  (in- 
dependent of  its  size)  is  so  different  when  placed  among  a  large  num- 
ber of  recent  crania  that  it  is  impossible  not  to  be  at  once  con- 
moed  of  its  distinctness  (PL  YUI.  fig.  5). 

The  greater  number  of  the  other  bones  of  the  skeleton  confirms 
this  opinion;  for,  though  not  much  longer,  they  are  almost  invariably 
much  larger  and  stouter,  when  found  with  the  older  fauna,  than  those 
of  any  recent  hares  to  which  we  have  had  access. 

10.  Although  by  feur  the  larger  proportion  of  the  bones  of  hares 
from  the  deposits  in  which  the  Mammoth-fauna  occurs  are  of  the 
stout  and  comparatively  gigantic  form,  a  certain  though  small  num- 
ber  cannot  be  diBtinguiflhed  from  those  of  Lepua  timidus  (Linn.), 
which  we  moBt  therefore  class  as  belonging  to  this  fauna,  whereas 
in  the  caves  which  were  more  recently  filled,  such  as  Whitcombe's 
Hole  in  the  Mendip,  which  contained  sheep,  none  of  the  larger 
bones  are  found ;  they  are  exclusively  those  of  the  common  hare 
and  the  rabbit. 

The  same  has  occurred  to  us  in  another  locality,  the  details  of 
which  we  are  not  at  present  in  a  position  to  publish. 

11.  Lepms  hibemicus  (Bell).  A  single  half  lower  jaw  from 
Hutton  Gave  may  doubtfdly  be  referred  to  this  species :  it  is  too 
mutilated  and  belonged  to  too  young  an  animal  to  be  determined 
absolutely. 
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12.  Lepus  eunieuluB  (linn.).  With  regard  to  this  animal,  we 
think  that,  without  more  exact  evidence  than  we  have  as  yet  met 
with,  considerable  doubt  must  exist  as  to  its  having  been  really 
contemporaneous  with  the  Mammoth  in  these  islands.  Professor 
Owen,  in  the  *  British  Fossil  Mammals,'  merely  refers  to  several  in- 
stances of  the  occurrence  of  its  bones  in  caves,  without  any  further 
notice  of  their  state  or  position  in  the  deposit ;  and  the  same  remark 
may  be  made  with  regard  to  the  notice  of  the  animal  by  Dr.  Buck- 
land,  in  '  Reliquiae  Diluvianse,*  p.  19.  The  burrowing  habits  of  the 
animal  are  such  that,  unless  the  bones  are  found  imbedded  in  such 
a  position,  and  in  such  condition,  that  there  cannot  be  any  reason- 
able doubt  of  their  date,  we  must  be  most  cautious  as  to  admitting 
the  rabbit  as  an  undoubted  member  of  the  Mammoth-fauna.  We 
have  examined  a  very  large  number  of  bones  from  different  British 
oaves,  but  have  never  found  those  of  the  rabbit  in  breccia  or  in  old 
stalagmite — ^in  fact,  in  anything  but  the  soft  cave  earth,  and  that 
extremely  rarely.  Now,  in  the  more  recent  deposits  in  the  caves,  ue, 
in  those  which  contain  domestic  animals,  the  rabbit  is  one  of  the 
most  abundant  fossils ;  and  when  its  known  fecundity  is  taken  into 
account,  it  is  extremely  difficult  to  imagine  why,  if  it  coexisted  at 
all  with  the  Mammoth,  its  bones  are  not  more  abundant  in  the  de- 
posits which  contain  that  animaL  Yet  with  the  evidence  we  have 
from  Wookey  Hyssna-den,  from  Hutton,  and,  in  a  single  instance, 
from  Kent's  Hole,  it  is  necessary  for  us  to  insert  provisionally,  as  it 
were,  the  rabbit  as  one  of  the  rarest  members  of  the  Mammoth- 
fauna;  for  from  each  of  the  above  it  occurs  in  our  collections, 
although  very  rarely,  in  apparently  the  same  state  as  the  remains  of 
extinct  animals.  Still,  without  actual  examination  and  notes  taken 
at  the  time,  we  are  without  evidence  as  to  the  possibility  or  other- 
wise of  the  animal  having  burrowed  into  the  place  in  which  its 
bones  occurred. 

13.  Genus  SpenMphiliAS. — ^The  insertion  of  Spermophilus  ciHUus 
in  a  list  of  the  Pleistocene  Mammalia,  published  some  time  since  by 
Mr.  Boyd  Dawkins  and  myself,  was  founded  on  a  mistake  which  it 
is  necessary  to  explain : — 

A  late  curator  of  the  Taunton  Museum  altered  the  label  on  one 
of  the  specimens  of  Spermophilus  erythrogonoideSj  which  had  been 
described  by  Dr.  Falconer,  to  S.  dtUlus.  We,  supposing  that  he  had 
the  authority  of  Dr.  Falconer  for  the  determination,  placed  the  species 
in  our  lists  without  further  examination.  When,  however,  we  came 
to  examine  the  collection,  specimen  by  specimen,  we  at  once  disco- 
vered our  error ;  and  on  the  publication  of  Dr.  Falconer's  posthumous 
Memoirs,  we  found  that  Dr.  Falconer  had  attributed  both  jaws  to 
8,  eryihrogonoides.  A  third  jaw,  among  bones  from  Bleadon  cave, 
which  had  belonged  to  Mr.  Williams,  has  since  been  discovered. 

14.  Genus  Cricetus. — The  last  species  we  shaU  notice  is  Cricetus 
(Mus)  sangarus  (Pallas).  It  is  known  that  Mr.  Williams  disco- 
vered in  the  Hutton  cave  what  he  considered  to  be  the  bones  (in- 
cluding parts  of  the  skulls)  of  mice.  No  such  occur  in  his  collection ; 
but  we  find  that  which  he  might  have  easily  mistaken  for  thqm — the 
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anterior  parts  of  two  skulls,  and  two  rami  of  lower  jaws  of  a  small 
apecies  of  Cricetus  which  so  closel j  resemble  those  of  Crieetus  son- 
garus,  though  very  slightly  larger  than  the  specimens  we  have  com- 
pared them  with,  that  we  must,  for  the  present  at  least,  refer  them 
to  that  species.  It  is  possible  that  this  is  the  same  species  as  that 
described  by  M.  Pomel,  fin)m  the  Brdches  de  Coudes,  as  Cricetus 
naueulus,  Cricetus  songarus  at  present  inhabits  Enssia  and  western 
Siberia. 

Measurements, 

Lejpus  dUuvianus^ 

Ba«l  lengUi  of  skull  from  foramen  magnnm  to  anterior  portion   in. 

of  intermaxillary 3*42 

Extreme  length 4*36 

Height  of  skull  from  alveolar  border  of  M  1  to  highest  part  of 

frontal    1-64 

Width,  extreme,  at  squamosals  2*00 

Basal  length  of  basioccipital 0*56 

„  „        basisphenoid 0-56 

„  „        pncsphenoid 0*32 

Length  of  suroccipitaJ 0.56 

Wi&i  ,.  , ; 110 

Length  of  parietala   0-96 

Width  „        1-23 

Length  of  frontals    1"71 

Width  of  frontals  (double  the  hiOf)  1-31 

Length  of  naaals  1*49 

Width  of  nasals  (extreme)  '„  0*90 

„  „        (minimum)    0*83 

Wida  of  malar    0*40 

Kalar  process  of  maxillary  to  posterior  end  of  malar 1*43 

Diastema  between  incisors  and  PM  2    1*27 

Molar  series 077 

Lower  jaw — 

Total  length,  not  including  incisor 2*76 

Depth  at  M  1 062 

Depth  from  condyle  to  angle 1*90 

Length  of  diastema 0*89 

Holar  series 0*75 

Width.        Length, 
in.  in. 

Dentition,  upper I>M  2 0-16 008 

PM3 022 012 

PM4 0-25 0-11 

Ml  0-24 0-13+ 

M2 0-20 Oil 

M3 0-09 005 

lower PM  3 0-12+ 0-16 

PM4 015 112 

Ml 014 0-14 

M2 014 012+ 

M3 010 010 
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Arvtcola  Oulielmi, 
Lower  jaw —  in. 

Lengtii  extreme,  not  including  inouor  ••«...« •  0*84 

Depth,  coroQoid  prooeis  to  lower  edge      0*38 

Depth  at  M  2   0-12 

„      at  PM  4 Offl 

Diastema  0-23 

Molar  series      0*29 

Length.  Width. 

PM4    : 014 ooa 

Ml     , 0-80  0-06 

M2 0-60  0*05 


Arvtcola  rattieeps. 

Upper  jaw — 

Length.        WidtiL 

Diastema  0-32 

Molar  aeries  0*28 

PM4 0*11 06 

M  1     010 0-5 

M  2    070 0-4 


Lower  jaw — 

Length.        Width. 

Condyle  to  anterior  border  of  incisor 0*65 

Lower  edge  of  angle  to  symphysis   0-43 

Depth  of  ooronoid  process  to  lower  edge 0*30 

Depth  at  M  2 0O8 

Diastema     0*18 

Molar  series 0*24 

PM  4 012 005 

M  1' 0*06 0-05 

M  2 0-05 0*04 


Lemmus  torquatus  (var.) 
Upper  jaw — 

Length.  Width. 

Diastema 037 

Molar  series , 029 

PM  4   012 0-07 

M  1  0-09 0*06 

M  2 009 0-06 


Lemmus  norvegicus  (var.). 
Lower  jaw — 

Length. 

Length,  extreme ....j... .......  0*70- 

Angle  to  symphysis 0*51 

Diastema 0-22 

Molar  series 0*27 

PM4    013+  . 

M  I  0-08+  . 

M2 0*08t  . 


Width. 


.0*07 
.0*06 
.0*06 
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Oricettis  tongarus. 
Upper  jaw- 
Length.        Width. 

IHastema 030 

Mokraeries    019 

PM4  007 005- 

Ml  0-05+  0-05- 

M2 0(H-  0<H 

Lower  jaw. 

Biartema 0-18 

Molar  aeriea 017 

PM4    007 O.a*)- 

Ml  006 0K)5- 

.     M2 0-05 OKH- 


EXPLANATION  OF  PLATE. 
Plate  VIIL 

Fig.  1.    Arviccla  ratHeeps.    Upper  Jaw,  lateral  aspect. 

1 0.  Dentition  of  the  upper  jaw,  magnified  tax.  diameters. 
1  h.  Lower  jaw,  external  aspect. 
1  e.  The  same,  internal  aspect. 

1  d.  Dentition  of  the  lower  jaw,  magnified  six  diameters. 

2.  Jrvicola  Gulielmiy  n.  s.,  lower  jaw,  external  aspect. 
2 0.  The-same,  intenud  aspect. 

2  b.  Dentition  of  the  same,  magnified  six  diameters. 

3.  Lemmus  norvefficus  (var.),,  lower  jaw,  external  aspect 

3  fl.  The  same,  internal  aspect. 

3  b.  Dentition  of  the  same,  magnified  six  diameters. 

4.  Lemmus  torquatus  (yar.),  anterior  part  of  the  skull,  lateral  aspect. 

4  a.  Dentition  of  the  same,  magnified  six  diameters. 

5.  Lepus  dUuvianus,  stull,  natural  size,  lateral  aspect. 

6.  CncetHs  toMorttSy  anterior  portion  of  skull,  lateral  aspect. 
6  a.  Dentition  of  the  above,  magnified  six  diameters. 

6  b.  Lower  jaw,  external  aspect. 

6  e.  The  same,  internal  aspect. 

G^.  Dentition  of  the  lower  jaw,  magnified  six  diameters. 
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DONATIONS 


TO  THE 


LIBRARY  OF  THE  GEOLOGICAL  SOCIETY. 

From  July  1st  to  September  SOihy  1869. 


L  TRANSACTIONS  AND  J0URNAI5. 
Presented  by  tJie  respective  Societies  and  Editors. 

Academy  (Journal).    No.  1.     (9  October,  1869.) 

Altenburg.    Mittheilungen  ans  dem  Osterlande.    Band  xyiii.  Hefte 
3  &  4.     1868. 

American  Journal  of  Science  and  Arts.     Second  Series.    Yol.  xlviii. 
No.  142.  ,  July  1869. 

F.  B.  Meek  and  A.  H.  Worthen.— Notes  on  some  points  in  the  Struc- 
ture and  Habits  of  the  Palaeozoic  Crinoidea,  23. 

O.  C.  Marsh. — Description  of  a  new  Species  of  Protichmtes  from  the 
Potsdam  Sandstone  of  New  York,  ^  (1  plate). 

E.  Billings. — Notes  on  the  structure  of  the  Crinoidea,  Oystidea,  and 
Blastoidea,  09. 

B.  SiUiman. — Note  on  Wollongongite,  a  remarkable  Hydrocarbon 
found  in  the  WoUongong  District  of  tbe  Illawarra  Coal-field,  New 
South  Wales,  85. 

W.  P.  Blake.— On  the  Precious  Metals,  126. 

S.  F.  Peckham. — On  the  origin  of  Bitumens,  131. 

^  Qeolopcal  Survey  of  California,*  vol.  ii.,  noticed,  133. 

Mineral  resources  of  the  country  west  of  the  Rocky  Mountains,  13& 

American  Naturalist.    Vol.  ii.     (Duplicate.) 

.    Vol.  iii.    Nos.  5-7.    July  to  September  1869. 

Anthropological  Review.    No.  2Q.    July  1869. 

R.  Owen's  '  Comparative  Anatomy  of  Vertebrates,*  voL  iii.;  noticed. 
Artisan  (Journal).     Vol.  iii.     Nos.  5-7. 
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Athenaeum  (Journal).     Nos.  2175-2187.    Juno  to  August  1869. 
Hardwick. — Notes  on  the  Geology  of  North  Slnropshire;  328. 

Basle.    Yerhandlungen  der  naturforschenden  Gesellschaft  in  Basel, 
Theil  T.  Heft  2.     1869. 

A.  Miiller. — ^Ueber  die  Umgebungen  des  Crispalt,  194. 

.    Ueber  einige  erratische  Blocke  im  Kanton  Basely  247. 

P.  Merian. — Ueber  einige  Tertiar-Yeisteinerungen  von  Thewyyier 

bei  Basel,  252. 
,    Die  Versteinerungen  von  St.  Veiena  bei  Solothum^  255. 

Berlin.    Monatsbericht  der  kdnigL-preussischen  Akademie  der  Wis- 
senschaften  zu  Berlin.     April  to  June  1869. 

C.  G.  Ehrenberg. — ^Ueber  den  am  24.  Mara  dieses  Jahres  mit  Nord- 
Ost-Sturm  gefallenen  rothen  Passatstaub  in  den  Dardanellen  und 
dessen  Verbreitung  iiber  Griechenland  and  Krain,  808. 

G.  Rose. — ^Ueber  die  regelmassigenyerwachsungen  der  Terschiedenen 
Glimnierarten;  3S9. 

C.  G.  Ehrenberg. — ^Ueber  machtige  Gebirgsschichten,  Torherrschend 
aus  mikroekopischen  Bacillarien  unter  und  bei  der  Stadt  Meziko, 
373. 

.  ZeitsduriftfurdiegesamnitenNaturwissenBchafben.  YoLxxziL 

1868. 

Boston  (U.S.).    Memoirs  read  before  the  Boston  Society  of  Natural 
History.     Yol.  i.  Part  4.     1869. 

tjeorge  L.  Yoee. — On  the  Distortion  of  Pebbles  in  Conglomerates, 
with  illustrations  from  Rangely  Lake,  in  Maine,  482  (3  plates). 

Williun  T.  Biigham. — ^The  Eruption  of  the  Hawaiian  Volcanoes, 
1868,564. 

— .  Proceedings  of  the  Boston  Society  of  Natural  History.  Yol.  xii. 
Sheets  1-17.    June  1868  to  March  1869. 

W.  T.  Brigham.— Eruption  of  Mauna  L6a,  82. 

C.  T.  Jackson.— Apatite  in  Canada  West,  88. 

N.  S.  Shaler.— On  the  Nature  of  the  Movements  involred  in  the 

Changes  of  Level  of  Shore  Lines,  128. 
R.  von  Schlagintweit — On  Nephrite,  from  Turkistan,  138. 
W.  H.  DalL— On  Alaska,  143. 
N.  S.  Shaler. — On  the  absence  of  traces  of  glacial  action  in  the  Yalley 

of  the  Yukon  River,  in  the  northern  part  of  Alaska,  145. 
R  S.  Morse. — On  the  Land-slides  in  the  Yicinity  of  Portland,  Maine, 

235(1  plate). 
E.  D.  Cope. — On  the  Reptilian  Orders  Pythonomorpha  and  Strepto- 

8aaria,250. 

British  Association  for  the  Advancement  of  Sdence.  Meeting  at  Nor- 
wich, 1868.    8vo.     1869. 

W.  Pengellv. — ^Fourth  Report  of  the  Committee  for  exploring  Eent*s 

Cavern,  Devonshire,  45. 
H.  Woodward. — Fourth  Report  on  the  Structure  and  Classification 

of  the  Fossil  Cnistacoo,  72. 
P.  M.  Duncan. — ^First  Report  on  the  British  Fossil  Corals,  75. 
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British  Association  for  the  Advancement  of  Science.  Meeting  at  Norr 
wich  (continued), 

0.  Moore. — Preliminarv  Report  on  Mineral  Veins  containing  Oxganic 

Kenudns  in  the  OarDoniferous  Limestone^  428. 
R.  A.  C.  Godwin-Austen. — Presidential  Address,  Section  0, 61. 
W.  H.  Baily.— Fossils  from  the  Old  Red  Sandstone  of  Kiltoican  Hill, 

Kilkemiv,  58. 
A.  BelL— Molluscan  Fauna  of  the  Red  Crag,  59.  ^ 
J.  Brodie. — ^Recent  Geological  changes  on  the  British  Islands,  60. 
Hyde  Clark. — Western  Asia  Minor  Coal-  and  Iron-hasins,  and  the 

Geology  of  the  District,  61. 
E.  Crisp. — Skeleton  of  a  Fossil  Whale  from  the  Eastern  Coast  of 

Suflblk,  61. 
H.  Coouand.— Parallelism  of  the  Cretaceous  Strata  of  England  and 

the  r^orth  of  France  with  those  of  the  West,  South-west,  and 

South  of  France  and  the  North  of  Africa,  61. 
P.  M.  Duncan. — On  the  genus  CUtiophyUunij  62. 
O.  Fisher.— On  the  Denudations  of  iNorfolk,  63. 
W.  Fox. — On  the  SkuU  and  Bones  of  an  Iguanodon,  64. 
W.  R.  Grove. — ^Artificial  Rocking-stones,  an  experiment,  66. 
J.  Gunn. — On  the  Alternate  Elevations  and  Subsidences  of  the  Land, 

and  the  order  of  Succession  of  Strata  in  Norfolk  and  Su£S)lk,  66. 
H.  Hicks. — On  some  recent  Discoveries  of  Fossils  in  the  Cambrian 

Rocks,  68. 
C.  Jecks. — On  the  Ferrug^ous  Sandstone  of  the  Neighbourhood  of 

Northampton,  69. 

E.  R.  Lankester.— On  the  Oldest  Beds  of  the  Crags,  70. 

J.  L.  Lobley. — On  the  Range  and  Distribution  of  the  British  Fossil 
Brachiopoda,  71. 

J.  Lowe. — On  the  occurrence  of  Spherical  Iron  Nodules  in  the  Lower 
Greensand,  72. 

Dr.  Mann.— On  the  Coal-field  of  Natal,  73. 

G.  Maw. — On  the  Sequence  of  the  Deposits  in  Norfolk  and  Suffolk 
superior  to  the  Red  Crag,  73. 

C.  Moore.— On  New  Discoveries  connected  with  Quatemaiy  Deponts, 
74. 

C.  G.  Nicolay. — On  the  Geology  of  the  Chapada  Diamantina  in  the 
province  of  Bahia,  Brazil,  74. 

C.  W.  Peach.— On  the  Fossil  Fishes  of  Cornwall,  76. 

W.  Pengelly. — On  the  condition  of  some  of  the  Bones  found  in  Kent's 
Cavern,  Torquay,  76. 

C.  B.  Rose.— On  the  Crag  at  Aldeby,  77. 

J.  W.  Salter. — On  a  New  Pterygotus  from  the  Lower  Old  Red  Sand- 
stone, 78. 

S.  Sharp. — On  a  remarkable  Licrustation  in  Northamptonshire,  78. 

J.  Tennant. — On  the  recent  Discovery  of  Diamonds  in  the  Cape 
Colony,  79. 

J.  Thomson. — ^Notes  on  certain  Reptilian  Remains  found  n  the  Car- 
boniferous Strata  of  Lanarkshire,  79. 

0.  Torell. — On  some  New  Fossils  from  the  Longmynd  Rocks  of 
Sweden,  80. 

F.  W.  Ilarmer. — On  the  Glacial  and  Postglacial  Structure  of  Norfolk 
and  Suflblk,  80. 

Calcutta.    Asiatic  Society  of  Bengal.     Proceedings.     Nos.  5-7  (May 
to  July),  1869. 
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Caleoita.    Joomal  of  the  Aaiatio  Society  of  Bengal.    New  Series. 
Part  1.  No.  2,  and  Part  2.  No6.  2  &  3.    1869. 

Cambridge.    Frooeedings  of  the  Cambridge  Philosophical  Society. 
Parts  a-6. 

H.  Q.  Seelej.— The  Lairs  which  have  determined  the  distribution  of 

Life  andKocks  (abstract),  39. 

.    On  the  Potton  Sands  (abstract),  43. 

Rey.  O.  FLaher.^On  Roslyn  or  Rosweil  Hill  Clay-pit,  near  Ely,  51. 
H.  Seeley. — On  the  Association  of  Potton  Sand  Fossils  with  those  of 

the  Faningdon  Grayels  in  a  phosphatic  deposit  at  Upware,  on  the 

Cam ;  wiw  an  account  of  the  Suparposition  of  the  Beds,  and  the 

significance  of  the  Affinities  of  the  Fossils,  99. 

F.  A.  Paley.— On  a  Series  of  Elevated  Sea  Terraces  on  Hampafell, 
near  Osrtmel,  Lancashire,  107. 

.  Transactions  of  the  Cambridge  Philosophioal  Society.  Vol.  zi. 

Part  2. 1869. 

D.  T.  Ansted. — On  some  phenomena  of  the  Weathering  of  the  Rocks, 
illustrating  the  nature  and  extent  of  subaerial  denudation,  387. 

Canadian  Katnralist  and  Geolo^st.    Yol.  iii.    Nos.  5  ft  6. 

J.  W.  Dawson. — ^Notices  of  some  remarkable  Oenera  of  Plants  of  the 

Coal  Formation,  362. 
P.  G.  Matthew. — On  the  Azoic  and  Palieozoic  Rocks  of  Southern 

New  Brunswick,  887. 
S.  LoT^n. — On  Zeskia  mirdbiUs  (Gray),  437. 
T.  Macfarlane. — On  the  Extraction  of  Copper  from  Ores  in  the  Humid 

Way,  467. 

.    VoL  iv.    Nos.  1  A  2. 

G.  F.  Matthew. — On  the  occurrence  of  Arctic  and  Western  Plants  in 
Continental  Acadia,  139. 

T.  S.  Hunt— On  the  probable  seat  of  Volcanic  Action,  166. 

Chemical  News.    Vol.  xx,    Noe.  500-613* 

Chemical  Society.  Journal.  Second  Series.  Vol.  vii.  July  to  Sep>- 
tember  1869. 

CbDiery  Guardian.    Vols.  xvii.  ft  xviii.     Nos.  443-456. 

Darmstadt  Notizblatt  des  Vereins  fur  Erdkunde  nnd  verwandte 
Wissenschaflen  zu  Darmstadt,  und  des  mittelrheinischen  geolo- 
gischen Vereins.  Heransgegeben  von  L.  Ewald.  3**Folge.  Heft  7. 
1868. 

R.  Ludwig. — ^Phosphorsaurer  Kalk  im  Schalstein  bei  Konifrsberfi:  im 
Hinterland,  168. 

^    Die  von  obeidevoniachen  Gesteinen  ausgefiillte  Falte  von 

Buchenau,  168. 

b  Versteinerungen  im  Dachflchiefer  von  Gladenbach  im  Hin- 
terland, 191. 

.    Neue  Corallen  aus  dem  Mittel-Devon  von  Biedenkop^  J91. 
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Dresden.  Sitzimgs-Berichte  der  natorwisseiiBchaftliche  GeseUBchoft 
Isis  in  Dresden.    Jahrg.  1869.    Nob.  4-6.     April  to  June. 

—  Geinitz. — Ein  Ausflug  in  das  Ensgebirge,  66. 

•^  Giinther. — Einiges  iiMr  in  der  Menschenzeit  ausgestoibene  Thiere, 

68. 
•^  Geinitz. — ^Ueber  Nemapodia  temUssima  Emm.  und  Nertograpmu 

tenmmmus  Gein.,  70,  80. 
.    Ueber  ein  yenneintlicbe  versteinerte  GeMm,  83. 

Dublin.  Journal  of  the  Boyal  Geological  Society  of  Ireland.  YoL  iL 
Part  1.     1868. 

J.  Beete  Jukes. — On  the  Subdivisions  of  the  Carboniferous  Forma- 
tion in  Central  Ireland,  1. 

W.  Andrews. — On  Oyster  Deposits,  13. 

A.  Gahan. — Columnar  Structure  occasionally  exhibited  by  Mortar, 
15. 

J.  S.  Moore. — ^On  the  Antiquity  of  Man,  16. 

W.  Harte. — On  the  Post-tertiary  Geology  (Recent  and  Post-Plio- 
cene phenomena)  of  the  county  of  Donegal,  and  part  of  the  county 
of  Deny,  and  its  connexion  with  that  of  Scotland,  80. 

J.  Beete  Jukes. — Notes  on  Parts  of  South  Devon  and  Cornwall,  with 
Kemarks  on  the  True  Relations  of  the  Old  Red  Sandstone  to  the 
Devonian  Formation,  67. 

—  Nelson. — Illustrations  of  the  Extinct  Volcanoes  of  the  Eifel,  107. 
H.  Lloyd. — Notes  on  the  Kammerbuhl,  an  extinct  Volcano  in  Bo- 
hemia, 109. 

S.  Haughton. — ^Additional  Notice  of  the  Zeolites  of  Western  India. 

112. 
A.  Macalister. — On  the  Anatomical  and  Ethnological  characters  of 

the  Skull  of  an  Aboriginal  Inhabitant  of  Chatham  Island^  115. 

.    Journal  of  the  Royal  Dublin  Society.   Vol.  v.    No.  38.    1869, 

Dr.  Barry. — On  the  Physical  Geography  of  the  South  Atlantic,  277. 
R.  AUoway.— On  Peat,  and  its  profitable  Utilization,  281. 
W.  Thomson.— On  the  Depths  of  the  Sea,  816. 

Economist  (Journal),     Vol.  viii.    No.  38. 

Geneva.  Memoires  de  la  Soci^te  de  Physique  et  d'Histoire  Nata- 
relle  de  Geneve.     Tome  xx.  Premiere  partie.     1869. 

Geological  Magazine.    Vol.  vi.    Nos.  7-9.    July  to  September  1869. 

W.  Carruthers. — Cryptogamic  Forests  of  the  Coal-period,  289. 

T.  Davidson. — ^Notes  on  Continental  Geology,  including  a  sketch  of 
the  Geology  of  Nice,  30O. 

T.  P.  Barkas. — Notes  on  the  species  of  Cienodus  fiom  the  Coal- 
measures,  314  (plate  9). 

H.  Woodward. — Note  on  ^etnodw  tuberculattu,  317. 

J.  Morris. — ^The  Lead-bearing  districts  of  the  North  of  England,  317. 

The  Miocene  Flora  of  North  Greenknd,  322. 

The  Teyler  Museum  and  Winkler's  Descriptions  of  Fossil  Turtles, 
324. 

.    On  the  Genus  jEchmodus  from  the  Lias  of  Lyme  Regis,  337 

(plate  10). 

H.  B.  Medlicott.— On  Faults  in  Strata,  84L 
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Geological  Ifagazine.    Yol.  vi.    Nos.  7-9  (continued). 

H.  C.  Sorbr. — On  the  Excavation  of  Valleys  in  Derbyshire^  347. 

6.  H.  Kinahan. — ^Additional  Notes  on  the  Growth  of  Soil,  348. 

J.  Rofe. — On  the  EnLugements  on  some  Crinoidal  columns^  351, 

R.  Lightbodj.— On  the  GeolM;y  of  Ludlow,  353. 

E.  R.  Lankester. — On  a  new  Crag  Mastodon,  355. 

The  Centenary  of  William  SmitFs  Birth,  3o6. 

C.  Montagna. — On  the  Metamorphism  pf  Rocks,  350. 

Blake  '  On  the  Production  of  the  Precious  Metids/  reviewed,  361. 

Page's  '  Chins  and  Chapters  for  Geologists,'  reviewed,  363. 

Newberry  '  On  the  later  Extinct  Floras  of  North  America,'  reviewed, 
364. 

'  Transactions  of  the  Manchester  Geological  Society/  reviewed,  865. 

H.  Woodward.— The  Freshwater  deposits  of  the  hea,  Valley,  385. 

R.  Owen.-~On  the  occurrence  of  the  Elk  in  Biitish  Post-tertiaiT 
Deposits,  389. 

J.  A.  Mahonj. — On  the  Organic  Remains  found  near  Crofthead,  Ren- 
frewshire, 390. 

J.  G.  O.  Linnarsson. — On  Fossils  in  the  Eophyton  Sandstone  in  Swe- 
den, 393  (3  plates). 

G.  H.  Kinahan. — On  the  Formation  of  Raimes  by  Recent  Drift 
Accumulations,  406. 

Sir  P.  de  M.  Grey-Egerton. — Catalogue  of  typical  Fossil  fishes  in 
his  collection,  408. 

Royal  Commission  on  the  Water-supply  of  London,  414 

Foster's  '  Mississippi  Valley,'  reviewed,  421. 

'  Geological  Tables,'  reviewed,  423. 

'Geological  Survey  of  Illinois,'  reviewed,  425. 
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M.  Gramski. — Ueber  das  Vorkommen  reicher  Schwefelantimon-Lager 

in  der  Moldau,  209. 
F.  Foetterle. — Die  Gegend  zwischen  Tissowitza,  Orsova,  &c,  in  der 

Koman-Banater  Militargrenze,  210. 
TJ.  Schloenbach. — ^Die  Umgebungen  von  Pettnik,  Mebadika,  &c,  im 

Koman-Banater  Grenzregimente,  212. 
K.  M.  Paul. — Die  Umgebungen  von  Homonna,  215. 
M.  Neumayr. — ^Das  Sandstein-Gebiet  im  ostlichen  Theil  des  Ungii- 

-varer  Comitates,  216. 
H.Wolf. — Das  Kohlenvorkommen  bei  Gomodi  und  das  Eisenvorkom- 

men  bei  R4k6  im  Tomaer  Comitate,  217. 
E.  von  Mojsisovics. — Das  Gebiet  von  ThieraeO;  Eufstein^  &c.,  in  Noid- 

tirol,  220. 
J.  Szabo. — ^Die  Ampbiboltracbyte  der  Matra  in  Central-Ungam,  231. 
IL  Abich. — Die  armenisch-georgischen  Trachyte,  232. 

C.  J.  8chultze. — ^Pseudomorphosen  von  Brauneisenstein  nach  Schwe- 
felkies,  aus  der  Umgebung  von  Osnabriick,  233. 

E.  Keller. — Das  Gebiet  am  Fusse  des  Movecz-Berges,  234. 

F.  von  Andrian. — Reisenotizen  vom  Bosphorus  und  Mytilene,  235. 
T.  Petersen. — Ueber  die  Beziehung  des  Diabases  zu  den  in  der  Lahn* 

und  Dillgegend  vorkommenden  Eisenerzen,  &c.,  236. 
K.  Peters.-— Schich ten  der  sarmatischen  Stufe  bei  Kirchbach  siidost- 
lich  von  Graz,  239. 

G.  Stache. — Geologische  Verhaltnisse  der  Umgebung  von  Unghv&r, 

K.  M.  Paul. — Die  nordlichen  Theile  des  Zempliner  und  Unirher  Comi- 
tates, 241.  ^ 
E.  von  Mojsisovics. — Das  Gebiet  von  Haring  und  das  Eaiseigebiige, 

H.  Wolf.— Das  Eperies-Tokajer  Qebiige  zwischen  Skaros  und  Her- 
leiu;  244.  < 

Vienna.  Sitzungsberichte  der  k.-k.  Akademie  der  "Wissenschafteii  in 
Wien.  Mathematisch-naturwissenschaftliche  Classe.  Band  Ivii. 
Abtb.  i.  Hefte  4  <fe  6.     April  and  May  1869. 

A.  Bou^.-^Ueber  die  jetzige  Theilung  der  wissenschaftlichen  Arbeit, 
Bowie  uber  Granit  und  Metamorphismus-Theorien,  667. 
646  (1  pTate)^  ^'  Maly.— Ueber  den  Stauiolith  von  St  Radegnmd, 

^'Lt^i^^^^  ^^^^^*«-  ^o^  St.  Ca^an,  iv.  Abth. 

.  von  Zepharovich.— Mineraiogische  MittheUungen,  iii.,  740. 
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Tienna.  SitcongBbeiiehte  der  k.-k.  Akademie  der  Wiaseaachaften  in 
'Wlen.  Mathematisch-iiatiirwisseiischaftliche  Claaee.  Band  IviL 
Abth.  L  Hefte  4  ft  5  (eonHnued). 

K  F.  Peten. — ^Zur  EeimtiiiaB  der  Wirbelthiere  ans  den  Mioeanachich- 

ten  von  Eilnswald  in  Steiennark,  iL,  766. 
£.  Suflfls. — Ueber  die  AequiTalente  des  Rothliegenden  in  den  Siid- 

alpen  (SchlunX  768  (1  plate). 
C.  Ton  £ttinffshaiieen.~-I>ie  Fosaile  Flora  der  iilteren  BrannkoUen- 

formation  der  Wetterao,  807  (5  platee). 

F.  Posepn^. — ^Ueber  cancentnech-achalige  Mineralbildungeni  894  (2 
platee). 

.    .    .     Band  Ivii.   Abth.  ii.  Hefte  4  &  5,  and  Band 

iTui.  Abth.  ii.  Heft  1.     April  to  June  1869. 

Warwii^hire  Nataralists'  and  Archfldologists'  Field-dnb.  Thirty- 
third  Annual  Beport.     April  1869. 

.    Proceedings.     1868. 

P.  B.  Brodie. — Sketch  of  the  Lisa  generally  in  "RnglaMii^  and  of  the 
Insect  and  Saurian  beds,  1. 

Woolhope  Naturalists' Field-dub.  Transactions,  1868.  8vo.  Here- 
ford, 1869. 

Dr.  BulL—The  Silurian  Fossils  at  Wicton,  3. 
Dr.  M'CuUough. — ^The  Comstones  of  Herefordshire  and  Monmouth- 
shire, 8. 

G.  P.  Bevan.— The  South  Wales  Coal-field,  36. 

-^  Adams.— Fossils  from  the  South  Wales  Coal-field,  4a 

W.  8.  Symonds.— On  the  Geology  of  the  District  of  PenwyUet  and 

ScwdHen  Rhyd,  68. 
P.  B.  Brodie. — Pal^ontological  Notes  from  Woolhope,  144 
J.  W.  Salter.— Notes  on  the  Onny  lUyer  Section,  148. 

.    Fossils  illustrated  and  described,  239. 

J.  D.  Latouche.— Alluvial  Deposits  of  Rivers,  249. 

Zoological  Sodety.    Proceedings.     1869.     Parti. 

.    TransacdonB.    Vol.  vL    Part  8.    1869. 


n.  PEBIODICAiiS  PURCHASED  FOR  THE  LIBRARY. 

Annales  des  Sciences  Natuielles.    Zoologie  et  Pal^ntologie.    5*S^rie. 
TomexL    Nos,  3-6.     1869. 

Annals  and  Magazine  of  Natural  History.     Fourth  Series.    Vol.  ir. 
Kos.  19-21.     July  to  September  1869. 
£.  Bllings.— On  the  Structure  of  the  Blastoidea,  76. 
0.  Heer.— The  last  Discoveries  in  the  extreme  North,  81. 
Grand' Eury. — Observations  on  the  Calamites  and  AsterophylliteSi 
124 
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Annals  and  Ma^azdne  of  Natural  HiBtory.     Fourth  Series.     Tol.  ir. 
Nob.  19-21  (contiwued), 

A.  Milne-Edwaids. — On  the  Ancient  Fanna  of  the  Mascarene  Talandg, 
129. 

A.  Hancock  and  T.  Atthey. — On  a  new  Labyrinthodoiit  Amphibian 
from  the  Northmnberland  Coal-field,  and  on  the  occurrence  in  the 
same  locality  of  Anihracoaaunts  BusseUx^  182. 

Journal  de  Conchyliologie.     3*  Sdrie.    Tome  ix.    Nob.  3  &  4.    1869. 

L'InBtitut.     1"  Section.     37"Ann^.     Nob.  1848-1865. 

PalflBontographica :  herausgegeben  von  Dr.  W.  Bunker.     Vol.  xvi. 
Lief.  7.     April  1869. 

O.  Speyer. — ^Die  Conchylien  der  Casseler  Tertiarbildungen,  297 
(5  plates). 

:  herausgegeben  von  Dr.  W.  Bunker  und  Br.  K.  A.  Zittel. 

Vol.  xvii.  lief.  3.     August  1869. 

B.  Ladwiff. — ^Fossile  Pflanzenreste  aus  den  palaolithischen  Farma- 
tionen  der  Umgeffend  von  Billenburg,  &c.y  105  (11  plate^A. 

.   KorallenstocKe  aus  palaolithischen  Fonnatiuneni  129  (2  plates)  • 

:  .     Vol.  xix.  lief.  1.     June  1869. 

A.  Schenk. — ^Beitrage  zur  Flora  der  Vorwelt^  1  (7  plates). 


III.  GEOLOGICAL  AND  MISCELLANEOUS  BOOKS. 

Names  of  Donors  in  Italics, 
Anon,     India.     Mineral  Statistics^  Coal.     8vo. 

Anon,  (Research).  The  True  Theory  of  the  Earth,  and  Philosophy 
of  the  Predicted  End.     8vo.     Edinburgh,  1869. 

Baiierman,  H,  Note  on  the  new  deep  Adit  in  the  Upper  Harz 
Mines.     8vo. 

Boccardo,  Gerolamo.  Sismopirologia.  Terremoti,  Vulcani,  e  lente 
OsciUazioni  del  Suolo,  saggio  <j^  una  Teoria  di  Geografia  fisica. 
Small  8vo.  Genoa,  1869.  Presented  hy  Charles  Darwin,  Esq., 
F,R,S, 

Brodie,  P,  B,  A  Sketch  of  the  Lias  generally  in  England,  and  of 
the  "  Insect  and  Saurian  Beds."     8vo.     1868. 

Capanema,  O.  8,  Apontamentos  Geologicos  (ao  Correr  da  Penna). 
Eio  de  Janeiro,  1868. 

Ciofalo,  Saverio,  Descrizione  della  Natica  OemmeUaroi,  nuova 
Specie  del  Cretaceo  superiore  dei  dintomi  di  Termini-Imerese. 
(Palermo?)  1869. 


Digitized  by 


Google 


D0KATI0K8;  147 

Credner^  Hermann,    Die  vorsilnrischen  Gebilde  der  oberen  Halbinsel 
YOB  Midbdgan  in  Nord-Amerika.     8to.     1869. 

Commissioners  of  Fisheries  of  the  State  of  Maine,     Beports  for  1867 
and  1868.    Augasta,  1869. 

lyAneona,    Cesare,      SuUe  Neritine   Fossile   dei  Terreni  Terziari 
Saperiori  dell'  Italia  Gentrale.     8vo.     Pisa,  1869. 

Dawson^  TT.  J*    Modem  Ideas  of  Derivation.     1869. 

Davidson^  Thomas.    Notes  on  Continental  Geology  and  Falaeontologj. 
Parts  1-4.     8vo.     1869. 

Notes  on  some  Becent  Mediterranean  Species  of  Brachio- 


poda.     8vo.     3869. 

Ehrenberg,  C,  G.  Ueber  machtige  Gebirgsschicliten  vorberrschend 
ans  m^oskopischen  Bacillarien  unter  und  bei  der  Stadt  Mexiko. 
4to.     1869. 

Eriom,  Antonio.  8ugli  Ittio-fito-scbisti  Mioeenici  presso  le  Miniere 
Kolfifere  della  Sicilia.     4to.     Caltanissetta,  1869. 

Fisher,  O.  On  tbe  Elevation  of  Monntains  by  Lateral  Pressure,  its 
Canse,  and  the  Amount  of  it,  with  a  Speculation  on  the  Origin 
of  Volcanic  action.     1869. 

Oeohgieal  Survey  of  New^ Zealand.  Third  Annual  Beport  on  the 
Colonial  Museum  and  Laboratory.  By  James  Hector.  8yo. 
Wellington,  N.  Z.     1868, 

Geologische  Specialkarte  des  Grossherzogthums  Hessen :  Section 
Lauterbach,  geologisch  aufgenommen  von  H.  Tasche  und  W.  C.  J. 
Gutberlety  nach  deren  Tode  durchgeeehen  und  mit  Zusatzen  ver- 
mehrt  von  Budolph  Ludwig.  (Map  and  explanation.)  Darm- 
stadt, 1869.    Fnm  the  Geological  Society  of  the  Middle  Ehine. 

Grewlngh,  C.  Ueber  Eisschiebungen  am  Worzjarw-See  in  livland. 
8vo.    Dorpat,  1869. 

Harris,  T.W.  Entomological  Correspondence.  8vo.  1869.  iV«- 
sented  by  the  Boston  Society  of  Natural  History. 

Hector,  James.  Meteorological  Beport  for  1868.  New  Zealand, 
1869. 

Jervis,  W.    Guida  alle  Acque  Minerali  d'ltalia.    8vo.    Turin,  1868. 

Jerwood,  James.  On  the  Application  of  Weight  to  test  the  Figure 
of  the  Earth.     8vo.     1869. 

Karrer,  F.,  und  T.  Fuchs,  Geologische  Studien  in  den  Tertiarbil- 
dongen  des  Wiener  Beckens.     1869. 

Koheharow,  N.  von.  Materialien  zur  Mineralogie  Busslands.  Band 
V.  (Schluss).     8vo.     St  Petersburg,  1869. 
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Lea,  Isaac,  Observations  on  the  Gbuns  Unio,  together  with  I>e- 
scriptions  of  New  Species  in  the  FamilT-Unionidad,  and  descrip- 
tions of  New  Species  of  the  Melanide  and  Palndinas.  YoL  xiL 
4to.     Philadelphia,  1868. 

Lehigh  Coal  and  Navigation  Company.  Report  of  the  Board  of 
Managers.    Philadelphia,  1869. 

Leitner,  G.  W.  Besults  of  Tour  in  Dardistan,  Kashmir,  little  l^bet » 
Ladak,  Zanakar,  &o.    Vol.  i.  Part  1. 

Letter  of  the  President  of  the  National  Academy  of  Sciences,  on  the 
Operations  of  that  Society  for  the  past  year.  1868.  Ihnn  the 
National  Academy  of  Sciences  (Washington,  U.  S.). 

Letter  of  the  Vice-President  of  the  National  Academy  of  Sciences, 
on  the  Proceedings  of  the  Academy  during  the  year  1866.  From 
the  National  Academy  of  Sciences  (Washington,  U.  S.). 

Linnarsson,  J.  G.  0,  On  some  Fossils  found  in  the  Eophyton  Sand- 
stone at  Lugnfis  in  Sweden.     8vo.    Stockholm,  1869. 

LogiUy  T.  Eoads,  Railways,  and  Canals  for  Lidia.  8vo.  London, 
1869. 

Ludung,  Rudolph,  Yersuch  einer  Statistik  des  Grossherzogthnms 
Hessen  auf  Grundlage  der  Bodenbeschafifenheit.  8vo.  Darmstadt, 
1868. 

lAitken,  C.  F,  Additamenta  ad  Historiam  Ophinridanun.  Tredie 
Afdeling.     1869. 

Lyman,  B.  S.  Against  the  supposed  former  Plasticity  of  the  Pud- 
dingstone  Pebbles  of  Purgatory,  B<hode  Island.  8vo.  Presented 
by  Prof.  A.  WincheU. 

.     On  the  link  of  Gunter's  Chain  as  the  Unit  of  a  Decimal 

System  of  Weights  and  Measures.    8vo.    From  Prof  A,  WincheU. 

Marsh,  0,  C,  Description  of  a  New  Species  of  Protichnites  from 
the  Potsdam  Sandstone  of  New  York. 

Merian,  Peter.  Geognostische  Uebersicht  des  siidlichen  Schwan- 
waldes.  Small  8vo.  Basel,  1832.  Presented  by  Sir  Charles 
Lyett,  Bart, 

Merian,  Peter,  Ueber  die  Grenze  zwischen  Jura-  und  Kreideforma- 
tion.     8vo.     Basel,  1868. 

Morris,  John,  Lead-bearing  Districts  of  the  North  of  England. 
8vo.     London,  1869. 

Pourtales,  L,  F,  de.  Contributions  to  the  Fauna  of  the  Gulf  Stream 
at  great  Depths  (2nd  series). 
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Prooeedings  of  the  American  Association  for  the  AdTanoement  of 
Science.  Sixth  Meeting,  1851.  8vo.  Washington,  1852.  Prd- 
sented  by  Sir  Charles  LyeU,  Bart, 

Bamsaif,  A.  Snpplement  to  the  English  CjdopaBdia:  Natural 
History.     Parta  1-6.     1869. 

Beport  of  the  Gh>vemment  Astronomer  upon  the  Proceedings  of  the 
Obiervatory,  in  connexion  with  the  total  Eclipse  of  the  Sun  on 
Angost  18th,  1868.    Presented  by  the  Secretary  of  StaU  f<yr  India. 

Beport  of  the  Commissioner  of  Agricnltnre  for  the  year  1867.  8yo. 
Washington,  1868.  Presented  by  the  {U.  S,)  Commissioner  of 
Agriculture, 

Beports  of  the  Inspectors  of  Mines  for  the  year  1867.  Presented  by 
H.  M,  Ghvemment. 

Beport  of  the  Boyal  Commissioners  on  Water-Snpply.  1869.  Pre- 
senUd  by  J.  Prestwich,  Esq.,  FM.S. 

Beuss,  A.  E.  Zur  fossilen  Fanna  der  Oligocanschichten  Ton  Oaas. 
1869. 

Bigaux,  A.y  et  E,  Sauvage,  Description  de  quelqnes  esp^s  nonvelles 
de  r^tage  Bathonien  dn  Bas  Boulonnais.     8to.     Boulogne,  1868. 

BOtimeyery  L,  Ueber  Thai-  und  See-Bildung.  Beitrage  zom  Yer^ 
standniss  der  Oberflache  der  Schweiz.     4to.     Basel,  1869. 

Sain  Gon  {E.  St.  John  Fairman).  Ghirghis  Mahomed,  or  Beports 
of  the  New  Egyptian  Parliament  (Ist  Session).  8yo.  (Jericho  I) 
1867. 

Sauvage,  EmUe.  Considerations  snr  les  Poissons  Foesiles.  8yo. 
1869. 

Senft,  Ferdinand.  Der  Steinschntt  nnd  Erdboden  nach  Bildung, 
Bestand,  Eigenschaften,  Yeranderungen  und  Yerhalten  zum  Pflan- 
zenleben.  8vo.  Berlin,  1867.  Presented  by  Sir  Charles  Lyell, 
Bart. 

Smyth,  R.  B.  The  Gold  Fields  and  Mineral  Districts  of  Yictoria. 
4to.    1869. 

Tate,  George.  The  Geology,  Botany,  and  Zoology  of  the  Neighbour- 
hood of  Alnwick.     8to.    Alnwick,  1869. 

Tate,  Ralph.  Appendix  to  the  Manual  of  Mollusca  of  S.  P.  Wood- 
ward.    12mo.     London,  1868. 

Tschermak,  G.  Mikroskopische  Unterscheidung  der  Mineralien  aus 
der  Augit-,  Amphibol-,  und  Biotitgruppe.     1869. 

.    Die  Porphyrgesteine  Oesterreichs  aus  der  mittleren  geologis- 

chen  Epoche.     1869* 
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Williamson,  W.  C.  On  the  Stractore  of  the  Woody  Zone  of  an 
nndescribed  form  of  Calamite.     8vo.     London,  1869. 

Wilson,  A.,  T.  Login,  and  G.  Higgin.  Irrigation  in  Lidia  and  in 
Spain.  Edited  by  James  Forrest.  Svo.  London,  1869,  Pre- 
sented by  T,  Login,  Esq. 

WineheU,  A.  Appendix  to  a  Report  on  the  Grand  Traverse  Region. 
Svo.     1866. 

.     A  Report  on  the  Geological  and  Lidustrial  Resources  of  the 

Counties  of  Antrim,  Grand  Traverse,  Benzie,  and  Leelanaw  in  the 
Lower  Peninsula  of  Michigan.     8vo.     Ann  Arbor,  1866. 

.     Man  the  last  term  of  the  Organic  Series.     8vo.    Ann  Arbor, 

1867. 

.     Statement  of  operations  in  the  Museum  of  the  University  of 

Michigan,  in  the  Department  of  '<  Geology,  Zoology,  and  Botany" 
and  the  Bepartment  of  "  Archaeology  and  Relics  "  for  the  year 
ending  September  24th,  1868. 

.    The  Onward  March  of  the  Race. 

.    The  Fruit- bearing  Belt  of  Michigan.     8vo. 

.     Stromatoporidse :  their  Structure  and  Zoological  Affinities. 

8vo. 

Zirkel,  Ferdinand.     Leucitgesteine  im  Erzgebirge.     Svo. 
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Canterbury  Gas  and  Water.     New  Water  Supply.     Report  from  the 
Engineer  {S.  C,  Homersham).     Svo.     1869. 

Lyell,  Sir  Charles.     Principles  of  Geology.     10th  edition.     2  vols. 
London,  1868.     (Second  Copy.) 
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4to.     1869. 
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Decekbeb  22,  1860. 

John  Hopkinson,  Esq.,  of  8  Lawn  Koad,  Haverstock  Hill,  N. ; 
Samuel  John  Sanders,  Esq.,  M.A.,  Vice-Master  of  the  Beds.  Middl€»- 
Qafis  Public  School ;  and  Jabez  Church,  Esq.,  C.E.,  of  17  b  Great 
George  Streetj  Weatodnster,  S.W.,  and  Chelmsford,  Essex,  were 
elected  Pellows  of  the  Socie^. 

Ihe  following  communicationB  were  read  : — 

1.  On  the  iRoir-ORES  astociated  with  tJu  Basalts  of  the  North-sast 
of  IsELAiO).  By  Balph  Tate,  Esq.,  Assoc.  Linn.  Soc.,  F.G.S.,  and 
Joes  Siitclaib  Holden,  M.D.,  E.G.S. 

COKTBKTS. 

L  Introdaction. 

IL  Petrologj  of  the  iKm-ores  and  asRocUted  Bocks, 
r.  Section  on  Slievananee. 

2.  Section  at  Belumford. 

3.  Bnumeradon  of  Localitiea. 

4.  Deductions  from  the  sereral  Sections. 
ni.  Origin  of  the  Pisolitic  Iron-ore. 

1.  Suggested  Theories. 

(1)  Sedimentary  Theory.    (2)   Theory  of  deposition.     (3)  Igneous 
Theory.    (4)  Metamorphjc  Theory. 

2.  Origin  of  Sole  and  Lithomarge. 

3.  AhMnoe  of  Boles  aboTe  the  horizon  of  the  Iron-ore. 

4.  Metamorphism  of  Bole. 

5.  Analyses  of  Pisolitic  ores. 

rV.  Kature  and  origin  of  the  Ferruginous  serieR  at  Ballypalidy. 

1.  Section  at  Ballypalidy. 

2.  Relation  of  the  strata  to  the  basalts. 

3.  Origin  of  the  Iron-ore. 

4.  Plant^remains  of  the  series. 
V.  Soonomics  and  Mineral  Statistics. 

VI.  G^eral  conclusions. 

Tbb  recent  development  of  a  new  branch  of  mining  industry  in  the 
north  of  Ireland  has  given  us  ample  facilities  for  oKcertaining  the 
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nature  and  geognostic  relationa  of  the  iron-ores  ausociated  with  the 
basalts,  and  the  present  seems  a  fitting  occasion  to  submit  to  the 
Geological  Society  the  results  of  our  observations. 

The  occurrence  of  ferruginous  ochres  in  the  midst  of  the  basalt 
of  the  Giant's  Causeway  was  pointed  out  at  an  early  period  by  the 
Bey.  Dr.  Hamilton*,  and  has  been  noticed  by  subsequent  writers  on 
the  geology  of  the  County  Antrim.  Dr.  Hamilton,  in  his  section  of 
the  Pleaslon,  represents  **  a  thin  course  of  iron-ore  amid  a  bed  of 
ochre ;"  and  it  is  to  beds  of  this  character  that  we  would  now 
direct  attention  ;  for  beyond  the  mere  record  of  the  occurrence  of  an 
iron  band  in  the  basalt  of  the  Giant's  Causeway,  no  further  account 
of  this  phenomenon  has  been  brought  before  the  notice  of  geologists. 

The  railway-cutting  at  Ballypalidy,  near  Templepatrick,  exposed 
an  eztensiye  oohreous  mass,  tiie  working  of  which  was  commeneed 
by  Dr.  Bitchie,  of  Belfast,  in  1861 ;  but  within  the  last  three  years 
new  and  richer  deposits  have  been  discovered  and  worked  in  other 
parts  of  the  county.  A  list  of  the  localities  where  operations  are 
now  carried  on  will  be  found  appended.  Shortly  after  the  discoTery 
of  the  ferruginous  beds  at  Ballypalidy,  our  attention  was  directed  to 
the  nature  of  the  ore  there ;  and  in  the  spring  of  1868  one  of  us 
communicated  to  the  Belfast  Naturalists'  Field  Club  an  abstract  of 
this  paper  in  part,  which  is  published  in  that  Society's  Proceediiigs 
for  that  year. 

We  may  be  allowed  to  state  that  the  examination  of  these  iron- 
ores,  the  subject  of  the  present  communication,  has  been  undertaken 
solely  in  the  interest  of  science.  And  we  would  record  our  obliga- 
tions to  the  Earl  of  Antrim,  Dr.  Ritchie,  and  Mr.  T.  Fisher  for  per- 
mission to  inspect  the  mines  respectively  worked  by  them,  and  for 
statistics  of  produce  relating  to  the  same,  also  to  Dr.  Apjohn  and 
Professor  Hodges  for  analyses  of  basalt  and  iron-ores. 

11.  Petbologt  ov  the  Irok-obss  asd  associated  Bocks^ 

As  regards  the  origin  of  their  present  condition,  the  iron-ores 
may  be  divided  into  two  groups ;  to  the  one  belongs  the  ore  of 
Ballypalidy,  whilst  all  the  others  known  to  us  are  included  in  the 
second  group.  The  former  is  of  sedimentary  origin,  but  the  latter 
are  the  direct  products  of  metamorphic  agencies. 

As  a  remarkable  similarity  is  exhibited  by  all  the  sections  of  the 
iron-ores  of  the  second  group  and  their  associated  rock-masses,  it 
will  be  unnecessary  to  describe  each  of  them ;  we  select,  therefore, 
for  illustration  the  following,  which  are  the  most  instructive  of  the 
series. 

1.  Section  on  Slievananee, — On  the  south  slope  of  Slievananee 
mountain,  situated  6  miles  from  Cushendall,  on  the  road  to  Bally- 
mena,  a  rich  mine  of  iron-ore  was  opened  three  years  ago  beneath 
the  basalt,  at  an  elevation  of  1095  feet  above  the  sea,  and  687  feet 
vertically  below  the  summit  of  the  mountain.  The  present  face  of 
the  worlungs  presents  a  horizontal  section  of  nearly  haK  a  mile ;  the 

•  Natural  Hiiitory  of  the  BasaltM  and  its  attendant  FosaUs  in  the  Northom 
Counties  of  Ireland,  1790. 
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iron  band  is  seen  gently  nndulatingy  and  is  traceable  for  a  farther 
distance  of  a  mile  in  both  an  easterly  and  westerly  direction.  The 
'*  mineral "  is  mined  by  approximately  level  drifto,  running  N.  40^  £. 
and  at  right  angles  to  the  fSaoe  of  tbe  workings ;  many  of  the  levels 
have  reached  to  a  distance  of  two  hundred  yards. 

The  following  section  is  in  descending  order,  numbered  from. 
above: — 

1.  Hard,  compact,  columnar  haaaU.    Where  exposed towwther- 

ing  influenoes,  it  is  deoomposed  at  the  lower  surface  for 
a  &ot  or  s  J,  within  which  there  is  an  argiUaoeous  mineral, 
probably  a  magnedan  daj,  termed  by  the  miners  "  rook- 
crease." 

2.  PiaUitie  tron-are.    This  band  consists  of  a  dense  red  ochre- 

ous  paste,  with  included  spheroids,  composed  chiefly  of 
a  mixture  of  magnetite  ana  red  hematite.  In  the  upper 
part  of  the  band  the  spheroids  are  oooasionally  as  large 
as  hazel  nuts,  but  more  frequently  of  Uie  siae  of  peas,  and 
densely  crowded.   The  size  and  frequency  of  the  nodules 

diminish  downwards ;    Thickness  2  ft.-2  ft.  0  in. 

and  the  ore  passes  into 

3.  InduraUd  fcrru^vnom  ochre,  of  a  reddiah-yellow  colour, 

breaking  up  mto  irregular  lumps Thickness  4  ft. 

It  merges  insensibly  into  the  underlying  band  of 

4.  LUkomarge.    A  variegated  rock,  with  a  pr^ominatine  blue 

colour  and  greasy  feel,  breaking  up  into  small  sub- 
spheroidal  blocks.  The  whole  mass  might  readily  be 
mistaken  from  a  distance  for  some  of  the  variegated  marls 
of  the  Keuper  series   Thickness  25  ft. 

5.  The  liUiomarge  graduates  downwards  into  a  basalt  exhibit- 

ing a  conoretionarj  structure,  the  outer  coats  not  distin- 
guishable  from  the  lithomargf^  while  the  kernel  is  a  com* 
pact  basalt. 

Fig.  1. — Section  at  Belumford. 


2.  Section  at  Belumford,  north-west  extremity  of  Island  Magee  :- 

1.  ColujHnar  basalt,  with  two  or  three  inches  of  decomposed 

rode  below. 

2.  Piaolific  Iron-ore.    The  upper  two  inches  with  little  or  no 

oclireous  matrix :  the  spheroids  large,  and  now  and  then 
a  thin  lamina  of  the  ore.  The  ochre  increases  in  quantity 
with  the  increase  of  depth,  and  the  iron-ore  merereft  into 

•bole' *> Thickness  2  ft.  6  in. 
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3.  Bole — an  indurated  red  ferruginous   ochre,  less  compact 

than  that  of  Slieyananee,    ThiclmeflB  2  ft 

passing  into  and  alternating  with 

4.  Yellow  Ocire, Thickness  3  ft. 

which  graduates  into 

5.  Blue  lAthomurge,    Base  not  seen,  but  thickness  proved  to  29  it.  6  in. 

The  several  massea  in  the  above  section,  as,  indeed,  in  others,  ex- 
hibit a  psendo-stratified  arrangement,  here  dipping  at  an  angle  of 
34°,  E.  50°  N.  magnetic.  The  whole  mass  has  ^n  bored  to  a 
depth  of  45  feet,  which  gives  a  minimum  thickness  for  the  iron  ore, 
ochres,  and  lithomarge  of  37^  feet. 

3.  Enumeration  of  localities, — Passing  east  from  Slievananee^  the 
iron-heds  are  worked  from  the  face  of  the  basaltic  escarpment  over- 
hanging Milltown,  Bed  Bay,  at  the  entrance  to  Glenariff  Glen ;  the 
beds  dip  west  about  5^,  and  are  about  200  feet  above  the  upper 
limit  of  the  White  Limestone.  Further  to  the  east,  the  iron-band 
has  been  traced  to  near  Garron  Point. 

Two  miles  to  the  west  of  Gamlough,  the  ferruginous  series  is 
seen  at  a  height  of  600  feet  above  the  sea -level,  dipping  at  an  angle 
of  about  40°  east  (magnetic).  The  matrix  of  the  pisolitic  ore,  22 
inches  in  thickness,  is  of  a  bright  vermilion-red  colour,  becoming 
browner  as  it'passes  downward ;  it  then  passes  into  a  friable  yellowish 
ochre,  four  and  a  half  feet  thick,  which,  in  its  turn,  graduates  into 
a  blue  lithomarge,  35  feet  thick.  Overlying  the  pisolitic  ore  is  a 
semiprismatic  basalt,  the  columns  of  which  are  perpendicular,  and 
consequently  include,  with  the  underlying  strata,  an  angle  of  50°. 

Other  outcrops  are  worked  at  Ballyvaddy  and  Tully,  near  Glenarm, 
andat  Anteville,  Kilwaughter  (3  mines),  and  Shane's  Hill  (2  mines), 
near  Lame. 

4.  Dedtictions  from  the  several  sections. — We  deduce  from  the 
foregoing  sections  the  gradual  passage  of  the  underlying  basalt 
into  a  variegated  lithomarge  of  an  average  thickness  of  30  feet, 
graduating  insensibly  into  the  overlying  red  or  yellow  ochre  or 
bole,  5  to  6  feet  thick,  which  passes  into,  and  is  surmounted  by,  a 
pisolitic  iron-ore  of  an  average  thickness  of  two  feet.  The  spheroids 
of  iron-ore  increase  in  number  and  size  towards  the  upper  part, 
and  not  unfrequently  constitute  that  portion  of  the  bed.  The  line 
of  junction  between  the  iron-band  and  the  overlying  basalt  (which 
is  usually  more  or  less  columnar),  is  well  defined,  and  in  a  few  in- 
stances exhibits  decided  unconformability. 

Though  a  band  of  iron- ore  can  be  traced  with  some  certainty  over 
a  considerable  area,  yet  it  is  by  no  means  proved  that  the  ore  in  the 
various  sections,  many  of  which  are  seveiul  miles  distant  from  each 
other,  represents  portions  of  one  sheet  extending  uniformly  through- 
out the  basalt.  To  determine  this  point  will  require  a  laborious 
-survey  of  the  country,  chiefly  because  of  the  numerous  faults — a 
task  too  gigantic  for  us  to  perform.  StUl  we  are  justified,  from  the 
identity  of  the  phenomena  in  the  many  sections  examined,  in 
assuming  that  in  the  midst  of  the  basaltic  rocks  there  is  a  continuous 
band  of  iron-ore.  .  , 

Only  in  two  instances  have  we  been  able  to  refer  the  iron-band 
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to  ite  podtioiL  relatively  to  that  of  the  underlying  White  Limestone 
— ^which,  by  the  way,  is  of  varying  thickness,  and  that  often  within 
very  limited  distances.  At  Ked  Bay  the  iron-ore  is  about  200  feet 
above  the  upper  line  of  the  White  limestone,  whilst  at  Galboly,  two 
miles  to  the  east,  in  the  direction  in  which  the  White  Limestone 
thickens,  it  is  about  300  feet  vertically  above  that  formation. 

UI.  Obioik  of  the  Pisouiic  Iboit-obe. 

1.  Suggested  Theories. — ^Four  theories  may  be  suggested  to  account 
for  the  origin  of  the  iron-ore ;  these  are  : — 

(1)  Sedimentary  theory^  which  implies  a  derivative  origin,  but 
is  at  variance  with  the  petrological  features — ^the  distribution  of  the 
mineral  particles  has  evidently  been  regulated  by  some  other  force 
than  that  of  gravity.  Mr.  Du  Noyer,  in  a  paper  on  the  Geology 
of  Island  Magee,  read  before  the  Natural-HiBtory  and  Philo- 
sophical Society  of  Belfast,  November  25,  1868,  endeavoured  to 
demonstrate  that  the  iron-ore  in  the  basalt  of  Island  Mageo  was 
entirely  due  to  the  action  of  water,  "  that  it  was  as  true  an  aqueous 
conglomerate  as  if  it  had  been  found  in  the  heart  of  the  Old  B,ed 
Sandstone.''  From  this  opinion  we  most  emphatically  dissent, 
though  at  the  same  time  we  fully  concur  with  him  when  he  assigns 
such  an  origin  to  the  iron  beds  at  Ballypalidy. 

(2)  Thuyry  of  Deposition,  implying  either  a  precipitation  of  the 
ferroginous  material  from  chemical  solution,  or  segregation  by  or- 
ganic agency.  We  believe  that  the  state  of  combination  of  the 
oxides  of  iron,  the  intimate  structure  of  the  spheroids,  and  the 
petrology  necessitate  some  other  explanation. 

(3)  Igneous  theory ^  implying  production  by  direct  volcanic  action. 
Though  specular  iron  is  enumerated  among  the  minerals  emitted 
fix>m  active  volcanoes,  and  magnetite  and  iron  pyrites  are  accessory 
constituents  of  several  of  the  basaltic  strata,  yet  such  an  origin  does 
not  meet  the  requirements  of  the  case  in  point.  The  distribution  of 
the  spheroids  of  pisolitic  ore  demands  eitiier  a  shower  of  the  ferrous 
nodules  over  a  lai^  area,  the  smaller  ones  falling  before  the  larger, 
or  a  flow  of  volcanic  mud  with  suspended  spheroids,  the  smidler 
sinking  flrst  in  the  mass — ^both  assumptions  being  highly  im- 
probable. 

(4)  Metamorphic  theory, — It  is  only  by  metamorphism  that  all 
the  phenomena  connected  with  the  pisolitic  ore  can  be  interpreted. 
By  metamorphism  we  understand  something  more  than  the  effects 
of  heat,  and  employ  the  term  in  its  widest  significance.  We  will 
now  proceed  to  point  out  what  appear  to  have  been  the  several 
stages  of  metamorphic  action  by  which  the  pisolitic  ore  has  been 
elaborated  out  of  basalt. 

2.  Origin  of  Bole  and  Liihomarge. — ^There  can  be  no  doubt  that 
the  lithomarge  and  bole  alternating  with  compact  basalts  are  but 
decomposed  basalts.  The  passage  from  basalt  to  lithomarge  and 
bole  can  be  traced  in  all  cases ;  not  unfrequently  large  masses  of 
basalt  are  to  be  seen  in  the  midst  of  the  lithomarge,  the  concentric 
layers  presenting  alt  the  varieties  of  -texture  and  colour  between 
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the  hard  and  black  basalt  of  the  interior  and  the  purple  or  yellowiah 
argillaceous  masses  in  which  the  basalt  appears  to  be  imbedded. 
Again,  the  boles  often  contain  cavities  fiUed  with  the  ordinary  zeo- 
lites of  the  amygdaloid  basalts.  Portlock*  gives  an  analogous  case  of 
the  production  of  ochre  from  an  allied  rock.  ''  The  greenstone  in  the 
Glenrandal  river  in  Upper  Cumber,"  he  says,  ''  is  so  highly  chazged 
with  iron  as  to  disintegrate  into  extensive  beds  of  a  very  rich  ochre. 
The  ochre  is  sometimes  in  the  state  of  hydrate  and  yellow,  and  at 
other  times  red.  The  mode  of  alternation  is : — ^felspathic  mica-schist, 
or  gneiss,  compact  below,  but  quite  rotten  and  decomposed  at  the  top  ; 
ochre  gradoating  into  a  decomposing  greenstone.  *  *  *  *  The  green- 
stone also  occurs  within  the  ochre,  and  by  its  decomposition  gradually 
merges  into  it.  *  *  *  In  a  branch  stream  to  the  west,  the  ochre  is 
met  with  alternating  with  less  altered  greenstone,  the  thickness  of 
the  greenstone  being  26  feet,  and  of  the  ochre  18  feet.  And  in  the 
townlcmd  of  AughUsh,  in  Banagher,  it  is  upwards  of  50  feet  thick, 
several  patches  of  greenstone  within  the  mass  being  still  solid,  and 
merging  into  ochre." 

Observations  in  the  field  and  the  following  comparative  analyses 
go  far  to  prove  that  the  bole  and  lithomarge  are  the  resultants  of 
aqueous  action  in  combination  with  acidulated  gases,  which,  dis- 
solving out  certain  mineral  substances,  has  effected  the  decomposi- 
tion of  the  basalts,  especially  the  more  felspathic  ones. 

Table  of  Analyses  of  Basalt,  Lithomarge,  and  BoU, 


Silica     

Alumina    

Peroxide  of  iron  

lime 

Magneeia  

Sulphuret  of  iron tr.  

Soda  I  

Potash  \  9-94         635        1510         

Water    J  4-30  4-48         19-60 

I.  Basalt,  Slieve  Gallion  (Dr.  Apjohn).  11.  Basalt,  Antrim 
(Prof.  Hodges).  III.  Lithomarge,  Germany.  IV.  Ochre  of  the 
Basalt,  Drumrankin,  near  Ballymcna  (Dr.  Apjohn).  Y.  Bole,  Ger- 
many. 

The  chief  differences  in  the  chemical  composition  of  bole,  litho- 
marge, and  basalt  are  the  increased  percentage  of  peroxide  of  iron 
and  water,  and  the  less  quantity  of  alkalies  in  the  boles  and  litho- 
marges  as  compared  with  the  basalt. 

The  alternation  of  basalts  and  boles  indicates  successive  lava-flows 
of  the  more  easily  decomposed  and  the  crystalline  materials,  the 
former  having  subsequently  disintegrated  into  bole  or  lithomarge, 
while  the  latter  has  persisted  tolerably  well.  In  those  instances 
where  there  is  a  passage  from  the  hard  rock  below  to  the  soft,  and 
from  the  soft  tO  the  hard  above,  the  basalts  overlying  and  underlying 
♦  OeoL  Survey,  Perry,  p.  173. 


I, 

II. 

III. 

iv. 

V. 

Bos. 

Bas. 

Lith. 

Och. 

'  Bole. 

39-72 

53-70 

49-75 

66-40 

30-88 

14-32 

25  41 

29-88 

346 

20-76 

27-87 

8-95 

6-61 

2414 

2616 

415 

4-55 

0-43 

OW 

2^ 

4.00 

1-47 

Digitized  by 


Google 


1869.] 


TATE  iJTD  HOLDER — ^IRON-ORES  WITH  BASALTS. 


167 


the  bole  have  been  ejected  in  rapid  succession,  the  decomposition  of 
the  intervening  volcanic  flow  being  subsequent  to  the  eruption  of  the 
superimposed  rock;  or,  in  cases  where  the  bole  has  been  indu- 
rated, if  such  do  occur,  the  decomposition  of  the  original  rock 
was  footed  before  the  subsequent  volcanic  outburst ;  but  as  these 
offsets  were  limited  to  simple  induration,  exoept  in  Uie  case  of  the 
production  of  the  pisolitic  iron-ore,  hereafter  to  be  mentioned,  it  is 
extremely  probable  that  these  eruptions  were  subaqueous. 

3.  Absence  of  Boles  above  the  horizon  of  the  Iron-ore, — ^Though 
boles  and  lithomarges  unaccompanied  by  an  iron-ore  occur  below 
the  iron-ore  series,  yet  no  such  beds  have  been  met  with  above  the 
piBolitic  ore,  though  many  hundred  feet  of  basalt  have  been  ex- 
amined. 

Fig,  2. — Section  of  Galholy  Mountain. 


1,  2,  3,  4,  5.  Beds  of  bole  and  lithomaree. 

a.  PiBolitic  iron-ore.  H  C.  Hard  chalk. 

On  the  face  of  the  Galboly  mountain  three  hundred  feet  of  basalt 
intervene  between  the  pisolitic  ore  and  the  White  limestone ;  and 
four  masses  of  lithomarge  and  bole  are  seen  within  that  thickness, 
underlying  different  basaltic  terraces  (see  fig.  2).  A  similar  inter- 
stratification  is  also  seen  at  Slievananee,  below  the  section  given  at 
p.  153. 

The  section  of  Cape  Pleaskin  presents  five  thin  strata  of  ochre 
below  the  iron-band,  and  unassociated  with  iron-ore,  in  the  lower 
180  feet ;  while  that  portion  of  the  basaltic  escarpment  (of  the  thick- 
ness of  172  feet)  above  the  iron  stratum  does  not  exhibit  a  single 
ochre-bed. 

A  section  at  Camowry,  Rock  Head,  given  by  Portlock*,  shows 
three  thin  beds  of  ochre  or  bole  in  a  thickness  of  basalt  above  the 


♦  Loc.  eif.  p.  142. 
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hard  chalk  of  125-5  feet,  the  remaining  78  feet  of  basalt  being  hard, 
compact,  and  columnar.  No  iron-ore  is  exhibited  in  this  series. 
*  4.  Metamorphism  of  Bole,  and  origin  of  the  Pisolitic  ore, — ^The 
spheroids  of  iron-ore  are  powerfully  attracted  by  the  magnet ;  and 
^e  following  analpis  by  Dr.  Apjohn  proves  that  the  iron  is  in 
the  states  of  per-  and  protoxides.  The  source  of  the  iron  is  to  be 
sought  for  in  the  hydrous  peroxide  of  the  bole,  originally  in  com- 
bination with  the  siHcated  minerals  of  the  basalt,  and  probably  also 
in  the  hydrous  oxide  resulting  from  the  decomposition  of  induded 
magnetite  and  iron  pyrites. 

Analysis  of  Sjpheroids  from  Pisolide  ore,  Red  Bay, 

Magnetic  oxide  of  iron      11*74 

Peroxide  of  iron 51*97 

SUica,  alumina,  &o.  (bj  diff.)    ;36'89 

100-Oa 

Percentage  of  metallic  iron  44*45 

If  we  compare  the  analyses  of  basalt  and  ochre  (given  on  p.  156), 
with  those  of  the  iron-ores  (p.  159),  we  shall  not  fail  to  notice 
the  general  similarity  between  them  ;  the  chief  differences  observ- 
able are  the  proportions  of  the  several  constituents,  and,  in  the 
case  of  the  pisolitic  iron-ore,  the  different  degrees  of  oxidizatioiL  of 
the  iron.  But  these  differences  do  not  militate  against  the  pre- 
sumed origin  of  the  bole  and  iron-ore — ^that  they  are  several  stages 
in  the  metamorphism  of  one  original  mass  t  the  addition  of  water  to 
the  basalt,  and  loss  of  lime,  other  alkaline  earths,  and  alkalies,  pro- 
duced bole;  the  loss  of  water  and  oxygen  from  the  ferruginous 
materials  of  the  bole  resulted  in  an  increased  percentage  of  iron  in 
tbe  pisolitic  ore.  Though  aqueous  agency  may  have  effected  the 
first  change,  it  could  not  have  produced  the  second ;  and  heat  is  the 
force  we  must  call  to  our  aid  in  the  alteration  and  concentration  of 
the  oxides  of  iron ;  and  by  it  the  phenomena  exhibited  by  the  iron- 
band  are  then  easy  of  explanation.  We  assume  that  the  under- 
lying bole  or  ochre  was  a  wet  or  sodden  terrestrial  surface ;  in  fact 
many  circumstances  necessitate  such  a  condition ;  and  the  subsequent 
overflow  of  basalt  effected,  by  its  heat,  pi'essure,  and  possibly  evolved 
gases,  a  reduction  of  the  contained  oxides  of  iron  iuto  the  more 
concentrated  form  in  which  they  occur  in  the  iron-band,  the  aggre- 
gation of  the  ferruginous  particles  being  a  result  of  the  same  ac- 
tion *.  This  metamorphism  is  analogous  to  the  development  of  new 
minerals  by  the  intrusion  of^igneous  masses  among  schistose  and 
stratified  rocks.  It  will  be  observed  that  the  accumulation  of  the 
oxides  of  iron  to  certain  centres  diminishes  as  .we  recede  from  the 
exciting  cause. 

*  Since  the  reading  of  this  paper  before  the  Society,  we  have  examined  a 
large  number  of  the  spheroids  from  the  pisolitic  bed,  but  once  only  found  dia- 
toms of  the  Coscinodiacua  tjpe,  and  not  of  the  genera  which  form  the  bog-ore : 
they  might  haTe  got  there  aocidentallj. 
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Table  of  Analyses  of  Pisolitie  Ores. 


Conttituenta. 


i 

I 


Peroxide  of  iron 

Protoxide  of  iron  

Oxide  of  manguiese  

Titanic  add     

VanadicafOid  

Alumina,  soluble  in  acids . 

A1i|iififTiifc^  insoluble 

sa^fa.""...:::::::;:: 

Magneaia. 

Lime    

Water  of  combination   .... 


4500 
tr. 


36-44 


2.44 

0-66 

18-00 


45-50 

tr! 
2-00 

3<)0 

32-60 
3-60 
0-60 

6-35 
12-65 


59-40 


77-22 


2-80 


10-40 


71 -CO  81-50 
18-00     ... 
tr.      2-57 

tr. 

4-20 


8-40 


Peroentage  of  metallic  iron 


31-50 


31-85 


41-58 


20-65 


2-13 


9-00 


8-50 

•93 
1-9(5 


54-05 


63-70  65-20 


Analyst 


I 


The  above  analyses  are  of  spedmens  selected  as  fair  samples  of 
the  iron-ores ;  the  great  variation  is  in  a  great  measure  accounted 
for  from  the  samples  having  been  taken  from  different  parts  of  the 
iron-band.  Numbers  I  and  II.  are  of  a  mixed  character,  the  others 
containing  a  greater  percentage  of  iron  according  to  the  predomin- 
ance of  the  spheroids. 

rV.  Natubb  akd  Origin  of  the  Febbuoinous  Series  at 
Balltpalidy. 

1.  Section  at  BaUyjpalidy, — ^The  iron  ochres  of  Ballypalidy,  which 
are  undoubtedly  of  sedimentary  origin,  will  next  occupy  our  attention. 
Though  references  have  been  made  to  a  section  of  the  iron-ore  series 
at  this  locality  in  the  pages  of  Society's  Journal  *,  yet  we  are  con- 
strained to  submit  further  observations  on  the  succession  of  the  beds 
there  exhibited,  inasmuch  as  incorrect  impressions  regarding  the 
true  relationship  of  the  ores  to  the  red  bole  or  ochre-bed  and  to  the 
lithomai^e  wiU  be  formed  from  a  perusal  of  the  sequence  of  the  beds 
as  given  by  the  author  of  the  paper  referred  to.  Thus,  in  the  sec- 
tion given  on  p.  358,  the  beds  are  enumerated  in  ascend^g  (and  not 
descending)  order ;  and  at  p.  361,  the  plant-remains  are  stated  to 
occur  in  tiie  red  bole ;  and,  again,  Mr.  Du  Noyer,  in  a  paper  read 

*  YoL  xzT.  p.  357:  W.  H.  Baily,  ''Plant-remains  from  beds  intentratiBed 
with  the  Bunlt** 
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before  the  Belfast  Natural-HiBtory  and  Philosophical  Society,  states 
"  that  the  plant  impressions  are  in  the  red  earth  or  lithomarge  lying 
on  and  in  this  haematite-conglomerate."  These  are  inaccuracies,  and 
imply  that  the  plants  are  associated  with  masses  which  are  the  pro- 
ducts of  metamorphism. 

Fig.  3. — Sectuyn  at  BaUt/palidy, 


The  section  at  Ballypalidy,  west  side  of  railway  (fig.  3),  in  de- 
scending order  is  as  follows  : — 

1.  Glacial  Drift 12  feet 

2.  Conglomerate-bed,   oompofled  principally  of  Bpheroids  cf 

iron-ore,  in  a  femigineo-argillaoeouB  paste,  with  which  are 
asflociated  frannenta  of  baudt  and  greenstone.  Oocaaion- 
ally  thin  bands  of  an  arenaceous  clay  with  plant-impres- 
iions  appear  among  the  conglomerate ;  otherwise  there  is  no 
appearance  of  stratification  in  this  bed  10-12  feet. 

3.  Plant-bed,  a   reddish-yellow   ferrugineo-arenaoeous    ahale, 

distinctly  laminated,  with  fragments  of  plants  along  the 

planes  of  bedding 4-8  inches. 

4.  The  so-called  plant-bed  passes  into  a  browner  stratum,  more 

argillaceous,  the  darker  colour  being  due  chiefly  to  an  ad- 
mixture of  finely  disseminated  carlwnised  T^getable  frag- 
ments. Plant-remains  occur  also  in  it ;  and  patches  of  lig- 
nite increase  in  frequency  downwards.  Total  thickness  of 
plant-layer  and  this  bed 8  feet 

.'>.  Lignite   1  foot 

0.  Amygdaloidal  basalt 

The  conglomerate  is  of  irregular  thickness,  thinning  out  towards 
the  S.  W.,  whilst  the  finer  sediments  below  increase   slightly  in 
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thieknesB  in  the  same  direction.     Wherever  a  fine  sediment  occurs, 
eren  thoogh  in  the  conglomerate,  plant-remains  are  present. 

The  plimt-layer,  which  is  mined  and  used  as  a  flux,  is  of  low 
specific  gravity,  and  is  not  sufficiently  rich  in  iron  to  he  valuable  for 
smelting.  The  following  analysis  of  this  rock  is  communicated  by 
Dr.  J.  Apjohn. 

Water    2578 

Silica  with  a  little  alumina 96*40 

Peroxide  of  iron  9'12 

Alumina  and  other  oxides  (by  differenoo) 2870 

Peroentage  of  metallic  iron 6-36 

In  a  neighbouring  pit  on  the  N.E.  side  of  the  line  of  railway  there 
is  exhibit^  a  similar  section.  The  conglomerate- bed  presents  a 
maximum  thickness  of  10  feet,  thinning  away  to  the  N.E.,  and  with 
tiie  underlying  shales  dipping  in  the  contrary  direction.  The  shales 
are  about  6  feet  thick  and  are  underlain  by  lignite,  which  surmounts 
an  amygdaloidal  baflalt. 

2.  RdaUon  of  the  Strata  to  the  BasaltJt, — The  railway-cutting 
about  a  quarter  of  a  mile  to  the  N.E.  of  the  ochre-pits  presents  a 
section  (fig.  4),  which  enabled  us  to  place  the  fore-mentioned  spdi- 
mentaxy  ores,  shales,  and  lignite  in  juxtaposition  with  a  subsequent 
basaltic  fiow  (1). 

Fig.  4. — Section  in  Ballypdlidy  Eailwaff-eutting,  north  side. 


A  thin  band  of  impure  lignite  (3),  wkh  or  without  a  clay  band 
below  containing  plant-remains,  and  always  accompanied  by  an  over- 
lying stratum  of  clay  (2),  is  seen  in  one  place  following  the  undulating 
line  of  the  upper  surface  of  a  concretionary  basalt  (4),  which  latter 
is  superimposed  upon  a  ferruginous  series  of  iron-ore  and  the  under- 
lying bole  (5)  and  lithomarge  (6).  Elsewhere  the  basalt  above  the 
pisolitic  iron  has  been  eroded,  and  the  lignite  series  rests  upon  the 
pisolitic  iron-ore  or  inferior  basalt. 

The  continuity  of  the  lignite-band  of  these  sections  with  that  of 
the  underlying  plant-beds  and  conglomerates  in  the  pits  some  little 
distance  to  the  west,  is  not  traceable  step  by  step ;  but  there  is  little 
doubt  that  the  several  portions  visible  are  parts  of  one  stratum. 
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3.  Origin  of  the  Ore.  — ^The  mode  of  oocnrrence  of  the  conglomerate 
bed  of  iron-ore  and  the  associated  strata  clearly  demonstrates  a  sedi- 
mentary orig^.  The  lignite  has  been  derived  from  a  plant-growth 
in  titu,  upon  an  eroded  surface  of  basalt.  The  shaly  beds  hare 
originated  in  the  tranquil  deposition  of  argillaceous  and  arenaceous 
materialB  mingled  with  some  ferruginous  matter,  all  derived  from 
the  degradation  of  basaltic  rocks  in  the  immediate  yieinity.  The 
presence  of  fragments  of  plants,  chiefly  leaves  and  small  branches 
(for  rarely  do  we  find  large  pieces  of  wood),  points  to  the  growth  of  a 
terrestrial  vegetation  near  the  margins  of  a  morass,  or  sheet  of  water, 
probably  a  Idee.  The  finely  laminated  structure  of  the  strata  and 
the  delicate  nature  of  the  parts  of  the  plants  preserved  require  a 
tranquil  accumulation  by  aqueous  agency. 

Tlio  conglomerate-bed  results  frx»m  the  degradation  of  the  pisolitic 
iron-ore,  of  which  it  is  chiefly  reconstructed,  and  of  the  underlying 
ochres :  it  appears  to  have  rapidly  formed,  and,  so  far  as  we  know  at 
present,  brought  to  a  dose  that  period  of  rest  in  the  volcanic  activity 
during  which  these  sedimentary  beds  had  been  accumulating. 

The  following  analyses  of  the  more  spheroidal  portion  of  the 
Ballypalidy  ore  indicate  a  dose  affinity  witii  the  pisolitic  iron-ore  of 
Tully,  near  Glenarm  (see  p.  159),  and  confirm  our  observations  as  to 
the  source  whence  the  ferruginous  materials  of  the  irregularly  stra- 
tified beds  at  Ballypalidy  have  been  derived. 

Analyses  of  Brown  Aluminotu  HcermttiU  *. 

Seequioxide  of  iron     35-91  27-93 

Protoxide  of  iroD    6-67  5-08 

„        of  manganese 0*05  tr. 

Alumina  27-95  3457 

lime 0^  0-91 

MagneeU 020  0-62 

Potaah  0-49  — 

Silica 9-75  9-87 

Phosphoric  add —  tr. 

Water  18-60  19-36 

Titanicacid —  351 

100-12  101-85 

4.  Ptant-remains  of  the  Series, — Though  Mr.  Baily's  account  of 
the  plants  found  at  Bsdlapalidy  is  the  first  published  record  of  the  oc- 
currence of  vegetable  remains  associated  with  the  basalts  of  Antrim, 
yet  their  presence  in  these  same  beds  was  known  as  early  as  1862, 
soon  after  the  commencement  of  mining  operations  at  that  locality. 
The  discovery  we  owe  to  Mr.  Rowland  Smeeth,  a  pupil  of  one  of  us ; 
and  it  was  made  public  in  a  course  of  geological  lectures  delivered  at 
Belfast.  The  pl^ts  then  obtained  were  few  in  number,  Pinus  and 
Cupressites  being  the  only  forms  identified.  But  the  priority  of 
discovery  of  plants  in  the  Antrim  basalt  we  accord  to  Dr.  J.  Bryce, 
F.Q.S.,  who,  with  an  unaccountable  diffidence,  hesitated  to  make 
known  his  researches,  though  a  favourable  opportunity  offered  on  the 
♦  Percy,  Metallurgy  of  Iron,  p.  207. 
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occaaion  of  the  reading  of  the  Buke  of  Argyll's  paper  on  the  **  Leaf* 
beds  of  the  Isle  of  Mull."  The  plant-remains  were  obtained  on  the 
shores  of  Lough  Neagh,  near  Shane's  Castle,  and  opposite  Ram's 
Island,  on  the  east  shore  of  the  Longh.  These  and  other  species  ad> 
ditional  to  those  enumerated  by  Mr.  Baily  from  the  Antrim  basalt 
concur  to  fix  the  period  of  their  growth  on  the  horizon  of  the 
Upper  Miocene,  and  to  establish  a  contemporaneity  with  the  fiorula 
of  the  Basalts  of  Mull. 

Amongst  the  plant-remains  from  the  ash-beds  on  the  shore  of 
Lough  Neagh,  collected  by  Dr.  Bryce,  we  recognize  Platanus  ace- 
rotdes.  Sequoia  Langsdarfiy  species  of  Juglans,  Fagus^  Laurtu,  &c. 
And  from  the  sedimenta^  ochreous  beds  at  BaUypalidy  we  have  col- 
lected the  following  unrecorded  forms : — EuccUyptus  oeeanica,  Ung., 
BakM,  sp.,  CeJagtrus,  sp.,  Dajphnogene  Kami,  Heer  ?,  Oraminites,  sp., 
Ac 

Y.  Economics  aitd  mineeal  Statistics. 

The  Antrim  iron-ore,  though  of  but  recent  iutroduction,  has 
already  attracted  some  attention  among  the  iron-masters  in  England. 
Its  freedom  from  deleterious  substances,  such  as  phosphorus  and 
sulphur,  and  from  any  qualities  injurious  to  the  production  of  superior 
iron,  commends  it  highly,  while  the  presence  of  titanic  acid  in 
the  pisolite-bed  adds  much  to  its  value  for  the  production  of  steel. 
But  it  is  the  high  percentage  of  alumina  that  claims  for  this  ore 
peculiar  importance. 

Mr.  S.  Evans,  who  has  introduced  much  of  this  ore  into  England, 
informs  us  that  its  value  as  a  flux  is  becoming  more  and  more  appre- 
ciated, and  that  the  furnaces  of  Cumberland  and  Lancashire  are  now 
supplied  with  large  quantities  for  mixing  with  the  siliceous  haema- 
tites of  that  district.  The  effect  of  combining  these  two  ores  in  the 
furnace  is  to  soften  the  slag  and  to  produce  what  is  called  a  "  loose 
load,"  which  allows  the  metal  to  pass  through  with  facility,  and 
at  the  same  time  acts  as  a  protection  to  the  inner  casing  of  the 
furnace.  But,  in  addition  to  these  valuable  properties,  the  alumina 
determines  the  separation  of  the  silica  from  the  haematite-ores, 
thereby  producing  from  a  given  quantity  a  larger  percentage  of 
metallic  iron  than  could  otherwise  be  obtained. 

The  great  difficulty  hitherto  has  been  to  produce  an  iron  free  frx>m 
silica  for  the  Bessemer  process  of  steel-iron  making.  The  Cumber- 
land ore  has  been  found  well  adapted  for  producing  this  steel ;  but 
the  contained  silica  has  always  been  a  drawback,  injurious  and  diffi- 
cult to  remove.  The  great  demand  is  for  an  iron  free  from  silica ; 
and  since  the  Antrim  ore  has  entered  the  market  this  desideratum 
has  been  accomplished :  it  contains  little  or  nothing  deleterious,  and 
yet  has  within  itself  the  essential  properties  for  making  a  superior 
steel-iron,  while  the  large  excess  of  alumina  acts  as  a  purifier  to  the 
richer  ferruginous  ores,  and  has  thus  enabled  the  Cumberland  and 
Lancashire  furnaces  to  stand  first  in  producing  the  most  suitable 
iron  for  Bessemer's  process. 

It  is  not  difficult  to  discern  that  other  districts  will  soon  leam  the 
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value  of  this  ore.  The  poorer  kind,  as  lithomarge,  may  be  used  as  a 
HnXy  while  the  richer  bole  and  pisolite  are  made  to  yield  a  superior 
iron,  suitable  alike  for  steel-  or  machinery-purposes*. 

The  growing  demand  for  this  Antrim  ore  proves  its  utility;  during 
the  past  year  upwards  of  50,000  tons  were  shipped  to  England  from 
several  ports  along  the  Antrim  coast.  The  mining  has  become  a 
steady  and  increasing  industry  in  the  county. 

YI.  General  Cokclusions. 

1.  That  during  the  period  of  volcanic  activity  in  the  N.E.  of  Ire- 
land, there  was  a  cessation  of  igneous  eruption  over  certain  areas, 
during  which  lacustrine  deposits  were  formed,  and  a  growth  of  ter- 
restrial plants  took  place. 

As  to  the  extent  of  the  lake,  or  of  the  land-surface,  the  data  are 
incomplete  to  form  any  conclusions.  The  lignite  in  the  Giant's'^ 
Causeway  basalt,  the  leaf-beds  of  the  Isle  of  MuU,  and  the  bituminous 
deposits  in  other  localities  may  be  on  the  same  horizon.  However, 
it  is  perhaps  more  probable  that  these  several  land-accumulations 
may  have  been  formed  in  isolated  areas,  though  during  the  one 
period  of  rest  in  the  volcanic  forces. 

2.  The  preceding  remarks  imply  that  there  were  at  least  two 
periods  of  volcanic  activity,  the  plant-beds  or  lignite  marking  an 
unconformability  of  an  upper  basaltic  series  to  a  lower.  The  plants 
being  of  Upper-Miocene  age  enables  us  to  assign  a  position  in  the 
scale  of  geological,  time  to  the  superior  basalts.  What  may  be  the 
age  of  the  inferior  series,  is  a  question  that  can  only  be  approxi- 
mately answered.  That  it  is  newer  than  the  White  Limestone  (Upper 
Chalk)  and  older  than  the  upper  Miocene,  is  apparent. 

3.  The  older  basaltic  series  has  undergone  metamorphio  dianges 
in  the  composition  of  some  of  its  interstratified  lavas.  The  boles 
and  ochres,  which  are  decomposed  basalts,  are  probably  con- 
nected with  subaqueous  igneous  flows,  whilst  the  pisolitio  iron-ore 
band,  which  is  a  metamorphosed  bole,  indicates  subaerial  action,  and 
that  during  the  period  of  emergence  the  bole  was  subjected  to  further 
metamorphism  by  heated  superimposed  basalt. 

Discussion. 
Mr.  D.  FoBBBS  was  not  prepared  to  admit  some  of  the  theoretical 
conclusions  of  the  authors,  and  objected  to  calling  in  metamorphism 
to  account  for  all  that  was  hard  to  be  understood.  He  could  not 
recognize  the  division  of  beds  so  similar  in  character  into  two  classes. 
He  Avished  to  know,  assuming  that  the  iron-ore  merely  resulted 
fi'om  the  'decomposition  of  the  basalt,  what  became  of  all  the  silica 
and  alumina  which  constituted  three-fourths  of  the  mass.  The 
origin  of  the  pisolitic  ores  was  in  fact  organic.  In  Sweden  certain 
lakes  were  regularly  dredged  each  year  for  the  pisolitic  ore  still  in 

*  It  would  be  of  great  importanoe  to  the  prosjierity  of  the  north  of  Ireland  if 
the  ore  could  be  smelted  at  borne.  Furnaces  might  eaBily  be  erected  near  the 
mines  for  the  reduction  of  the  richer  pisolite ;  limestone  is  abundant ;  and  ooal 
can  be  procured  easily  and  cheaply  from  Scotland. 
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eoune  of  fonnation  by  means  of  confeiroid  algse.  He  therefore 
regarded  the  whole  of  these  beds  as  in  a  certain  sense  sedimentary, 
and  thongh  due  to  organic  agency,  yet  still  deriving  their  original 
mineral  matter  indirectly  from  the  basalt.  The  basalt  contained  a 
considerable  amount  both  of  phosphorus  and  sulphur ;  and  if  the 
ores  had  been  derived  directly  from  the  basalt,  both  these  substances 
would  have  been  present  in  them.  This  was  an  argument  against 
any  direct  metamorphism.  The  presence  of  vanadium  afforded  addi- 
tional reason  for  regarding  these  ores  as  formed  in  the  same  manner 
as  bog-iron  and  similar  ores. 

Sir  Charles  Lyell  had  observed  in  the  basalts  of  Madeira  red 
ochroous  bands  which  represented  old  land-surfaces,  in  one  of  which 
Mr.  Hartung  and  he  had  discovered  a  leaf-bed  containing  vegetation 
of  much  the  same  character  as  that  of  the  island  at  the  present  day. 
Near  Catania,  in  a  recent  lava-stream,  he  had  seen  the  junction  of 
the  lava  with  the  soil  of  the  ancient  gardens ;  and  in  character  the 
soil  now  under  the  lava  resembled  the  red  beds  of  Madeira. 

Mr.  W.  W.  Sktth  was  on  the  whole  inclined  to  admit  the  power 
of  metamorphism  to  pit>duce  such  changes  as  had  been  here  effected. 
He  commented  on  tiie  advantages  of  employing  this  Irish  ore  for 
admixture  with  hsBmatitic  ore,  on  account  of  the  abundance  of  alu- 
mina present.  Possibly  there  had  been  some  difference  in  the  che- 
mical character  of  the  different  flows  of  basalt 

Mr.  Evans  su^^ested  that  the  Ballypalidy  beds  might  be  the  litto- 
ral deposits  of  a  lake  in  which  the  pisolitic  ores  of  the  other  parts 
of  Antrim  were  deposited  further  from  the  shore,  and  subsequently 
buried  under  a  basaltic  flow. 

Mr.  Etheredob  inquired  whether  the  pisolitic  ore  had  been  sub- 
jected to  microscopic  examination,  with  a  view  of  finding  traces  of 
oi^anic  forms,  such  as  GaiUoneUa. 

Mr.  Tate,  in  reply,  defended  his  views  as  to  metamorphic  action. 
He  thought  the  uniformity  in  thickness  and  character  of  the  pisolitic 
ore  band  over  so  large  an  area  showed  that  it  could  not  be  a  lacustrine 
deposit.   He  had  not  as  yet  discovered  any  diatoms  in  the  spheroids. 


2.  Notes  on  the  Structure  of  Sioillaria. 
By  Principal  Dawson,  F.E.8.,  F.G.S.,  Montreal. 

[The  publication  of  this  paper  is  deferred.] 
(Abstract) 
Lv  this  paper  the  author  criticised  the  statements  of  Mr.  Carruthers 
on  the  structure  of  SigiUaria  (see  Q.  J.  G.  S.  zxv.  p.  248).  He 
remarked  that  SigiUaria^  as  evidenced  by  his  specimens,  is  not 
coniferous,  that  the  coniferous  trunks  found  in  the  coal-formation 
of  Nova  Scotia  do  not  present  discigerous  tissue  of  the  same  type  as 
that  of  Stffillaria,  that  no  conifer  has  a  slender  woody  axis  sur- 
rounded by  an  enormously  thick  bark,  that  Calamodendron  was 
probably  a  Gymnosperm  and  allied  to  SigiUaria,  that,  although 
Stigmaria  may  not  always  show  medullary  rays,  the  distinct  sepa« 
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ration  of  the  wood  into  wedges  is  an  evidenoe  of  their  having 
existed,  that  the  difiference  in  minute  Btmcture  between  Sigtllaria 
and  Stigmaria  involves  no  serious  difficulty  if  the  former  be  regarded 
as  allied  to  Gycadeacese,  and,  further,  that  we  do  not  know  how  many 
of  the  Stigmarice  belong  to  Sigillaria  proper,  or  to  Favulariaf  or  to 
such  forms  as  Clathraria  and  Leioderma,  which  may  have  been 
more  nearly  allied  to  Lepidophloios,  that  the  &uit  figured  by 
Ooldenberg  as  that  of  Sigillaria  is  more  probably  that  of  Lepido- 
pKLoios,  or  may  be  a  male  catkin  with  pollen,  and  Uiat  he  has  found 
Trigonocarpa  scattered  around  the  trunks  of  SigiUarias  and  on  the 
surface  of  the  soil  in  which  they  grew.  He  agreed  with  Mr.  Car- 
ruthers  in  regarding  Mr.  Binney's  Sigillaria  vasctdaris  as  allied  to 
L&jpidodtndron, 

Discussion. 

Prof.  MoBBiB  thought  that  Clathraria  and  Lepidapkhios  ought  to 
be  discriminated  from  the  SigiUaricB,  as  being  rather  more  nearly 
aUied  to  cycadeaceous  plants,  especially  the  formeK  He  pointed  out 
the  manner  in  which  certain  vascular  bundles  communicating  be- 
tween the  centre  of  the  stem  and  the  bark  in  Sigillaria  and  allied 
genera  might  be  mistaken  for  medullary  rays. 


3.  Note  an  some  new  AmxAi,  Kexaiks  from  the  CABBONiFEBOTm  and 
Dbvoniak  of  Gakada.  By  Principal  Dawsow,  F.R.S.,  E.G.S-, 
Montreal. 

(The  publication  of  this  paper  is  deferred.) 

[Abstract.] 
The  author  described  the  characters  presented  by  the  lower  jaw  of 
-an  Amphibian,  of  which  a  cast  had  occurred  in  the  coarse  sandstone 
of  the  Goal-formation  between  Bagged  Reef  and  the  Joggins  Coal- 
mine. It  measured  6  inches  in  length  ;  its  surface  was  marked  on 
the  lower  and  posterior  part  with  a  network  of  ridges  enclosing 
roimded  depressions.  The  anterior  part  of  the  jaw  had  contained 
about  16  teeth,  some  of  which  remained  in  the  matrix.  These  were 
stout,  conical,  and  blunt,  with  large  pulp-cavities,  and  about  32 
longitudinal  strise  corresponding  to  the  same  number  of  folds  of 
dentine.  The  author  stated  that  this  jaw  resembled  most  closely 
those  of  Baphetes  and  Dendrerjpeton,  but  more  especially  the  former. 
He  regarded  it  as  distinct  from  Baphetes  planicepSf  and  proposed 
for  it  the  name  of  3,  minor.  If  distinct,  this  raises  the  number  of 
species  of  Amphibia  from  the  Coal-measures  of  Nova  Scotia  to  nine. 

The  author  abo  noticed  some  insect-remains  found  by  him  in  slabs 
containing  Sphenophyllum,  They  were  referred  by  Mr.  Scudder  to 
the  Blattariae. 

From  the  Devonian  beds  of  Gaspe  the  author  stated  that  he  had 
obtained  a  small  species  of  Cephalaspis,  the  first  yet  detected  in 
America.  With  it  were  spines  of  Machairaeanthns  and  remains  of 
some  other  fishes.  At  Gasp^  he  had  also  obtained  a  new  species  of 
Pnlophyton,  several  trunks  of  Prototaantes,  and  a  species  of  Cyclo^ 
stigma. 
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DiSCUSSIOK. 

The  Presidext  objected  to  the  term  Reptiles  being  applied  to 
Amphibia,  from  which  they  were  totally  distinct.  He  questioned  tho 
safety  of  attributing  tho  jaw  to  BapTiete^,  of  which  no  lower  jaw 
had  been  previously  found. 

Mr.  Etheridge  remarked  that  the  Cephalaspig  differed  materially 
in  ita  proportions  firom  any  in  either  the  Russian  or  the  British  rocks. 


4.  Note  on  a  Cbocodilian  Skull /nwn  KiJfMBRmoE  Bay,  Dobset 
By  J.  W.  HuLKE,  Esq.,  F.R.S.,  E.G.S. 

[Plate  IX.] 

A  CLOSES  examination  lately  made  by  Mr.  Davies,  Sen.,  of  the  fos- 
sils presented  to  the  British  Museum  last  year  by  J.  C.  Mansel 
Esq.,  has  led  to  the  identification  of  a  large  crocodilian  head  with 
the  Saurian  the  lower  jaw  of  which  I  described  last  session,  and 
identified  with  Dakosanrus  maximus  of  Quenstedt.  Covered  with 
matrix,  this  head  had  been  previously  put  aside  as  Pliosaurian 
other  Pliosaurian  remains  having  been  presented  to  the  Museum  by 
the  same  munificent  donor;  but  now  that  its  identity  has  been  cor- 
rectly establbhed,  a  short  account  of  it  seems  to  be  a  fit  sequel  to 
my  last  paper. 

The  general  agreement  of  their  dimensions,  and  their  discovery 
near  together  (in  a  reef  exposed  at  low  water  in  Kimmeridge  Bay), 
make  it  highly  probable  that  this  head  and  the  lower  jaw  both 
belonged  to  one  individual. 

The  considerable  part  of  the  head  discovered  by  Mr.  Mansel  in- 
cludes the  back  of  the  skull,  the  left  upper  temporal  arcade,  and  the 
entire  snout.  The  extremity  of  this  latter  is  completed  by  the  pne- 
maxilliB  figured  in  the  last  number  of  our  Journal,  the  sutures  in 
"which  so  exactly  coincide  with  those  in  the  broken  end  of  the  snout 
that  there  cannot  be  any  doubt  of  the  correctness  of  this  restoration. 
The  shape  of  the  head  is  a  long  triangle ;  its  sides  converge  from 
the^cdput  to  the  end  of  the  snout,  with  a  slight  outcurvo  of  the 
temporal  arcade,  a  moderate  incurve  in  front  of  the  orbits,  and  a 
very  slight  inbend  behind  the  nostril.  Its  base,  a  narrow  occipital 
crest,  slopes  downwards  and  outwards  from  a  lofty  sagittal  crest  to 
the  truncated  mastoid  angles. 

The  skull  has  the  characteristic  narrowness  of  tho  temporal  region, 
the  extremely  large  crotaphite  foramina,  the  lofty  sagittal  crest,  and 
the  lateral  orbit  which   mark  Geoffi-oy  Saint-IIilairc's  subgenus 

The  sagittal  crest,  in  its  present  mutilated  state,  lises  two  inches 
above  the  brain-cavity;  a  coarse  diploe  fills  the  interspace.  Tho  crota- 

*  Geoflfroy  Sainfc-Hilaire,   "Rocherches  sur  rorTjiniflitioii  des  Gavlals,"  &c. 
Heinoires  du  Mos^Sum  d'llistoiro  Naturolle,  t.  xii.  pp.  H-S,  149  (Paris,  1825). 
VOL.  XXVI. PAUT  I.  K 
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phite  foramisa  have  a  Bquarish  outline,  and  from  back  to  front  they 
measure  nearly  six  inches.  The  temporal  arch  is  proportionately 
long  and  strong ;  the  occiput  is  broad  and  low ;  the  angular  crest 
already  noticed  forms  its  upper  limit ;  its  lower  border  is  thin  and 
nearly  straight.  This  and  the  greater  part  of  the  posterior  surface 
appear  to  be  formed  by  an  outward  extension  of  the  exoccipital  to 
the  mastoid  and  quadrate  bones.  The  surface^  generally  flat,  is 
crossed  on  the  level  of  the  foramen  magnum  by  a  horizontal  ridge, 
which  makes  an  acute  angle  with  the  outer  end  of  the  occipital 
crest.  Between  this  ridge  and  the  crest  the  surface  is  depressed 
and  slightly  overhung  by  the  latter.  Beneath  the  out«r  end  of  the 
ridgo  is  a  deep  hollow.  The  foramen  magnum  is  an  ellipse;  its 
liorizontal  axis  measures  1*1  inch,  and  its  vertical  axis  '8. 

The  occipital  condyle  is  broken  off,  as  is  also  the  articular  end  of 
the  quadrate  bone.  Of  the  orbits,  only  the  front  and  upper  part  of 
the  left  one  remains ;  its  lateral  position  gives  its  opening  an  out- 
ward direction ;  its  anterior  border  seems  to  have  scarcely  risen 
above  the  level  of  the  surrounding  parts.  A  furrow  probably  marka 
off  the  lachrymal  from  the  prsefrontal  bone.  Between  the  orbits, 
the  broad  forehead,  now  very  mutilated  by  fractures,  appears  to 
have,  been  gently  convex.  The  sutures  are  here  too  indistinct  to 
allow  me  to  speak  with  certainty  of  the  forms  and  limits  of  the 
bones  composing  this  region. 

The  snout  is  shorter  than  that  of  the  Honfleur  Gaviol  "  t^te  k 
museau  plus  court."  A  pair  of  large  triangular  bones  united  by  a 
mesial  suture  9  inches  long,  descend  from  the  forehead  to  the  middle 
of  the  snout,  forming  a  great  part  of  the  upper  surface  in  this  situa- 
tion. Their  posterior  limit  is  not  accurately  determinable.  It  ap- 
pears to  be  invaded  by  a  descending  process  of  the  pnefrontaL  Their 
outer  border  is  conterminous  behind  with  the  maxillary  bone.  In 
front  they  form  conjointly  a  broad  wedge.  These  bones  evidently 
correspond  in  their  position  and  in  their  relations  to  the  pair  of 
bones  lettered  a  a  in  the  illustrations  of  the  Honfleur  Gavials  in  the 
'  Ossemens  Possiles,'  *  which  Cuvier  called  nasals.  He  refers  to  Uiem 
in  these  words : — "  On  y  voit,  en  a,  les  extrdmit^  ant^rieures  des  os 
du  nez,  formant  comme  dans  le  Gavial,  une  pointe  pr^ced^  par  la 
reunion  des  maxillaires,  h  h,  qui  continuent  le  tube  des  narines  en 
avant  jusqu'aux  intermaxiUaires." 

The  same  bones  are  plainly  indicated  in  a  cast  of  a  crocodilian 
snout  in  the  Museum  of  the  Eoyal  College  of  Surgeons,  described  in 
the  catalogue  as  a  cast  of  the  snout  of  Steneosaurus  robustuSf  pre- 
sented by  Dr.  Buckland.  Dr.  Rolleston,  in  reply  to  my  inquiry, 
informs  me  that  these  bones  are  also  shown  in  a  cast  of  the  Honfleur 
(Geneva)  Stoneosaur  in  the  Oxford  Museum  t,  and  that  the  rela- 
tions of  the  bones  in  the  upper  surface  of  a  Steneosaurian  skull  from 

•  Cuvier,  *  Oasemeni  Fo88.*  tome  5,  2*  partle,  pi.  x.  figs.  1  &5,  aa, 
t  I  FUflpect  that  the  figure  in  the  Bridgewater  Treatise  was  taken  from  on© 
of  the^  caste ;  for  the  drawing  contains  a  long,  hard,  straight  line,  which  cop- 
rcaponds  to  a  ridge  in  the  cast  in  the  Roral-College-of-Surgeonfl  Museum, 
formed  by  the  plaster  getting  into  a  joint  of  the  mould. 
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Bbotover  exactly  correspond  with  those  figured  in  the  'Ossemens 
Fossiles/ 

So  far,  then,  as  regards  the  proximal  half  of  its  snont,  this  Kim- 
meridge  Steneosanr  apparently  agrees  with  the  Honflcur  Gavials, 
and  with  the  Oxford  (Shotover)  Steneosaurian  skull,  in  the  presence 
and  in  the  relations  of  this  pair  of  large  triangular  hones.  The 
distal  half,  however,  is  differentiy  constructed;  for  in  the  Kimmeridge 
Stene^saur  Cuvier's  large  triangular  nasals  are  preceded  by  a  pair 
of  distinct  slips,  which  are  intercalated  first  between  the  maxillaries, 
afterwards  between  the  intermaxillaries,  and  which  finally  enter 
the  posterior  border  of  the  external  nostril,  where  they  form  a  low 
mesial  projection,  on  each  side  of  which  is  a  vertical  groove.  The 
posterior  ends  of  this  mesial  pair  of  slips  taper  acutely;  and,  diverging 
widely,  they  embrace  for  3-5  inches  Cuvier's  large  nasals,  having 
these  on  their  inner  edge  and  the  maxillaries  on  their  outer  border. 
Between  the  point  where  they  diverge  and  the  external  nostril,  a 
distance  of  nearly  six  inches,  their  inner  borders  meet  in  the  middle 
line ;  and  their  width  averages  •Q  inch,  decreasing  slightly  towards 
the  nostril. 

This  is  an  important  difference:  the  external  nostril  of  our 
Kimmeridge  Steneosaur  is  not  completely  enclosed  in  the  prcemaxilla 
as  in  the  Teleosaurs  and  recent  Gavials,  and  as  it  is  described 
in  the  Honfleur  Gavials  and  the  Oxford  (Shotover)  Steneosaurian 
skull,  hut  its  posterior  border  contains  another  element,  the  an- 
terior ends  of  a  mesial  pair  of  bones,  the  distal  six  inches  of  which 
have  the  same  relations  to  the  maxillaries  and  intermaxillaries  and 
to  the  nostril  as  the  nasals  in  the  crocodiles  and  in  the  alligators. 

The  nostril  is  subterminal,  oval,  the  larger  end  behind.  Its  open- 
ing, directed  upwards,  is  indented  in  the  middle  line,  in  front  by 
the  prsemaxillary  symphysis,  and  behind  by  the  ends  of  the  slender 
natah  (?),  as  just  described. 

The  praemaxilljB  ascend  2*2  inches  behind  the  nostril,  wedged  iH 
between  the  maxillaries  and  slender  7iasals.  Their  inner  border, 
touching  the  latter,  is  straight.  The  suture  which  joins  their  outer 
border  to  the  maxillary  is  oblique ;  it  crosses  the  dentary  margin  of 
the  snout  just  in  front  of  the  fourth  alveolus. 

There  are  seventeen  alveoli  on  each  side ;  the  hindmost  one  visible, 
in  the  left  side,  is  so  small  that  it  is  almost  certainly  the  last ;  but 
since  the  edge  of  the  jaw  is  deficient  behind  it,  I  cannot  be  abso- 
lutely sure  of  this.  The  first  thi'ee  teeth  are  contained  in  the  praj- 
maxilla ;  and  the  interval  between  the  third  and  the  fourth  tooth  is 
rather  wider  than  those  between  the  rest. 

The  teeth,  some  of  which  are  still  in  the  sockets,  while  others  are 
scattered  loose  over  the  palate,  correspond  with  those  of  the  lower 
jaw,  and  therefore  do  not  require  description.  Their  size  and  figure 
vary  within  rather  wide  limits,  as  they  do  in  many  living  crocodiles"; 
hut  the  essential  features  are  constant. 

The  palatine  plates  of  the  prremaxillarics  and  of  the  maxillaries, 
and  the  inner  edges  of  the  palatine  bones  (so  far  as  these  latter  are 
preserved),  join  in  the  middle  line,  and  make  the  bony  palate  very 
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complete.  In  front  it  is  flat;  but  from  the  middle  of  the  snont  back- 
wards the  inner  border  of  the  maxillaries  and  of  the  palatine  bones 
form  a  low  median  ridge,  which  makes  the  palate  in  this  part  con- 
vex transversely. 

The  prffimajoUary  sntores  form  an  acute  angle  open  behind,  aa 
they  do  in  Steneosaurus  rostro-minor,  I  cannot  speak  with  certainty 
of  the  suture  between  the  maxillary  palatine  plates  and  the  pala- 
tine bones ;  it  seems  to  be  a  straight  transverse  line. 

The  anterior  palatine  foramen  is  small ;  it  is  situated  opposite  to 
the  interspace  between  the  second  and  third  teeth.  The  front  end.  of 
the  posterior  palatine  foramen,  angular  and  narrow,  is  seen  oppo- 
site to  the  penultimate  tooth. 

It  will  be  recollected  that  in  my  last  paper  I  showed  that  the 
lower  jaw  and  prsemaxilla  of  this  Eunmeridge  crocodilian  so  clo6ely 
resembled  those  of  Cuvier's  second  Honfleur  Gavial  "  tete  k  museau 
plus  court"  {Steneosaw'us  rostro-minor,  Geoflroy  St.-Hilaire)  as  to 
afford  a  very  strong  presumption  of  their  specific  identity ;  and  I 
identified  it  by  means  of  its  teeth  with  Dakosaums  maanrnvay  Qnen- 
stedt.  The  more  rigid  comparison  which  the  additional  material 
since  acquired  has  made  possible,  confirms  the  opinion  thus  ex- 
pressedy  that  this  Kimmeridge  crocodilian  is  really  a  Steneosaur ; 
but  it  also  proves  it  to  be  a  distinct  species.  Its  snout  is  stouter 
than  that  of  the  two  Honfleur  Gavials ;  the  structure  of  its  distal 
half  diflfers  from  that  which  obtains  in  these  and  in  the  Oxford 
(Shotover)  Steneosaur.  The  number  and  distribution  of  the  teeth 
differ  also  considerably  from  those  in  the  <<  tete  h  museau  plus 
court,"  which  has  22  teeth  in  each  half  of  the  lower  jaw,  of  which 
7  are  postsymphysial ;  while  the  lower  jaw  of  the  Kimmeridge 
Steneosaur  has  not  more  than  15  teeth  on  each  side,  and  of  these  at 
most  4  are  behind  the  symphysis. 

For  this  new  Steneosaur  I  propose  the  specific  name  Manseluy  in 
honour  of  its  discoverer : — Steneosaurus  Manselii. 

Dec.] 


Postscript. — I  cannot  quite  shake  off  the  suspicion  that  the  slender 
nasals  may  bo  present  in  the  Geneva  snout,  and  perhaps  also  in 
the  Oxford  (Shotover)  Steneosaurus  skull. 

Cuvier,  in  describing  the  nostril  of  the  Honfleur  gavial  "  Uic  a 
museau  plus  court,"  says,  "Le  bord  postdrieur  et  superieur  donne 
deux  petites  prodminences  qui  ne  sont  pas  au  Gavial.  Les  sutures 
ne  sont  pas  assez  marqu<<es  pour  que  je  puisse  determiner  si  ccs 
proeminences  appartiennent  aux  maxillaires  ou  aux  intermaxU- 
lau'es  *  *. 

Dr.  B^Ueston,  also,  writing  to  me  about  the  Oxford  (Shotover)  skull. 

Bays,  *  borne  restitutive  plastering  has  taken  place  at  the  nasal  open- 

ifrfJ  n       ^""^  ^*  ^®^®  projects,  from  behind  forwards,  in  the  middle 

pr^^?fn''^r'  "^""l"^'     ^^^^  *^^  i«  ^^«  s^t^res  are  not,  I  think, 
present  to  show ;  but  you  will  judge." 

♦  Ossemens  Possilea,  tomo  v.  2*  partie,  p.  163. 
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Now  "ces  deux  petites  proeminenoes "  and  the  asygos  prooeas 
in  the  Oxford  (Shotover)  skull  make  it  highly  probable,  I  think, 
that  the  slender  anterior  nasals  are  really  present  in  these  Steneo- 
saurs;  but  the  indistinctness  of  the  sutures  prevented  their  re- 
cognition. 

Not  remembering  one  crocodilian  skull,  fossil  or  recent,  in  which 
the  maxillaries  entered  into  the  construction  of  the  external  nostril, 
I  examined,  with  special  regard  to  this  point,  the  large  collection  of 
recent  skulls  in  the  British  Museum,  comprising  more  than  fifty 
skulls,  including  every  known  species  of  the  gavial,  crocodile,  and 
alligator  types,  and  also  all  the  skulls  in  the  Museum  of  the  Koyal 
College  of  Surgeons ;  and  I  did  not  find  one  where  the  maxillaries 
formed  part  of  the  opening  of  the  anterior  nostril.  In  every  instanoe 
this  was  formed  of  the  praemaxillaries  alone,  as  in  the  Gaviak,  or  by 
the  praemaxiUaries  and  the  nasals.  I  conld  not  find  one  example 
of  a  median  process  projecting  forwards  from  the  posterior  border 
of  the  nostril  formed  of  the  pnemaxiUaries.  Such  a  process  always 
consisted  of  the  anterior  extremities  of  the  nasal  bones,  which  either 
entered  the  posterior  border  of  the  nostril  in  the  plane  of  the  ex- 
ternal opening  (in  most  alligators),  or  below  this  plane  (in  many 
crocodiles,  where  the  junction  of  the  pnemaxillarics  behind  the 
nostril  concealed  and  overlay  the  front  ends  of  the  nasals,  which 
descended  into  the  nostril  beneath  them).  In  some  skuUs  the  nasal 
process  received  a  small  accession  from  the  premaxillaries ;  but 
this  was  always  subordinate  to  it,  and  never  reached  beyond  its 
base.  In  Gavials  also  (where  the  intermaxiUaries  alone  encloso 
the  nostril)  these  minute  projections  of  the  intermaxiUsB  into  the 
nostril  wcare  sometimes  present,  but  they  were  dwarfed  and  in- 
significant. 

Should  my  suspicions  prove  correct,  and  Sten,  rostro-minor  and  the 
Oxford  (Shotover)  skull  be  found  to  have  the  slender  nasals  of  Sten, 
Mansdii,  this  last  will  still  bo  distinguished  from  Sten.  rostro-minor 
by  the  Afferent  proportions  of  its  skull,  and  the  number  and  the 
distribution  of  its  teeth. 

What  are  the  two  large  triangular  bones  in  Sten,  MameUi  which 
descend  from  the  forehead  to  the  middle  of  the  snout  ?  Evidently 
they  correspond  to  the  bones  marked  a  a,  ^^,  5,  pi.  x.,  |  Ossemens 
Foiilcs.'  They  are,  I  imagine,  the  principal  frontal,  retaining  perma- 
nently in  the  adult  Stcncosaur  the  median  suture  which  primitively 
divides  it  in  the  embryonic  crocodile.  Attaining  in  the  Stcneosaur 
a  very  large  size,  the  divided  frontal  thrusts  aside  the  posterior  ends 
of  the  nasals,  and,  uncovered  by  these,  forms  so  large  a  part  of  the 
surface  of  the  snout.  Its  excessive  descent,  however,  is  less  than 
at  first  sight  appears ;  for  it  is  well  known  that  in  existing  crocodiles 
the  frontal,  which  seems  to  end  in  front  of  the  orbit,  really  only 
disappears  from  the  surface  here,  and  beyond  this,  hidden  and  over- 
lain by  the  pnefrontals  and  nasals,  it  stretches  forwards  a  long  dis- 
tance—In Croc,  vulgaris  exceeding  one-third  of  the  distance  between 
the  orbit  and  nostril. 
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DimeMlanB, 

inch£0. 

Length  of  skull  from  prrcmaiillary  symphysis  to  occipital  crest  33 
From  pracmaxillary  symphysis  to  (brokt'ii)  articular  end  of 

tympanic  bono    37 

From  pra?maxillary  symphysis  to  posterior  limit  of  (anterior) 

naiM  bones 1^ 

From  praimaiillary  Bympbysia  t<)  point  of  CuTier's  large  nasaU  10 

From  pra?maxillary  symphysis  to  end  of  their  median  suture  ...  19 

Length  of  crotaphite  foramen  6 

Breadth  of  crotaphite  foramen,  about 6 

Breadth  of  forehead  between  orbits 7 

Breadth  of  snout  at  second  tooth 3-1 

Breadth  at  middle  of  dentary  series 5-G 

Breadth  at  hindmost  tooth    10-2 

Breadth  of  occiput  7-5x2 15 

Height  of  occiput  7'3 

Length  of  al?eolar  series  (left  side) 23*4 

From  prxmaxillary  symphysis  to  the  anterior  palatine  foramen       1*9 

From  pramaxillary  symphysis  to  palato-maxillary  foramen    ...  21 

EXPLANATION  OF  PLATE  IX. 

Fig.  1.  Under  surface  of  skull  of  Stencosaurus  ManscUi. 

a.  Anterior  palatine  foramen. 

b.  Praemaxillary-maxillary  suture. 

e.  Anterior  extremity  of  pterygo-maxillary  foramen. 

d.  Basisphenoid. 

2.  Upper  surface  of  skull. 
a.  The  triangular  bones  correspondinj^  to  those  lettered  a  a  in  CuTier** 
figure  of  upper  siu'face  of  snout  of  Gayial  tdtc  b^  museau  plus  court. 
h.  The  nasals. 

e.  Their  anterior  termination  in  the  nostril 
d.  The  orbit. 

c.  Parietal  crest. 


6.  Note  on  some  Teeth  associated  with  T^ro  Fragments  of  a  Jaw 
from  KiHMEiiiBOE  Bay.     By  J.  W.  Hulke,  Esq.,  F.R.S.,  F.G.S. 

Amongst  many  other  Kimmeridgo  fossils  which  Mr.  J.  C.  Mansel 
has  intrusted  to  me  for  examination  are  two  pieces  of  a  long,  slender 
snout,  not  unlike  that  of  a  long -beaked  Ichthyosaurus,  but  too  frag- 
mentary and  crushed  to  allow  of  their  certain  identification. 

The  teeth  differ  from  those  of  all  the  fossil  fish  and  reptiles  in  the 
British  Museum  with  which  I  have  been  able  to  compare  them. 
They  are  peculiar  in  the  great  development  of  the  ccmentum,  which 
gives  the  fang  the  appearance  of  being  inserted  in  a  bulbous 
sheath.  The  base  of  the  tooth  resembles  a  littlo  bulb,  from  the  top 
of  which  a  slightly  curved,  cylindiical,  conical,  and  polished  crown 
protrudes.  The  average  length  of  the  teeth  is  nearly  5|  lines  (En- 
glish), of  which  about  3"'  belong  to  the  nock  and  crown.  The  dia- 
meter of  the  neck  and  of  the  neighbouring  part  of  the  crown  is 
about  1^'",  while  that  of  the  bulbous  fang  reaches  2^^*.  The 
crowns  are  dark  brown,  polished,  and  smooth,  and  their  trans- 
verse section  is  circular.     They  t^rc  composed  of  a  simple  tubular 
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dentme^  eoated  with  a  thin  layer  of  enamel.  The  dentinal  tubules 
pass  straight  from  the  pulp-cavity  towards  the  enamel  without 
waving,  in  which  respect,  and  in  the  almost  complete  absence  of 
thd  conoentric  granular  rings,  which  are  so  conspicuous  a  feature  in 
the  dentine  of  many  crocodilian  teeth,  the  dentine  of  these  teeth 
resembles  that  of  the  unflutcd  apex  of  anichthyosaurian  tooth-crown. 
The  enamel,  however,  is  thinner  than  that  of  several  sections  of 
liassic  Ichtiiyosaurian  teeth  of  about  the  same  diameter.  At  the 
base  of  the  fang  the  dentine,  owing  to  the  presence  of  a  large  pulp- 
cavity,  becomes  thin ;  and  its  contour  is  here  slightly  and  irregu- 
krly  indented,  but  the  indentations  are  quite  insignificant  in  com-* 
panson  with  ^e  deep  inflexions  which  distinguish  the  tooth-fang  in 
IckthyoMourus,  The  pulp-cavity  extends  into  the  base  of  the  crown. 
Its  apex  is  filled  with  spar ;  and  its  lower  end  contains  a  plug  of 
(»sified  tooth-pulp,  continuous  through  the  open  end  of  the  cavity 
vith  the  external  cementum,  its  vascular  canals  freely  inosculating 
with  those  of  the  cementum  in  this  situation.  The  vascular  canals 
of  the  cementum  are  laige  and  numerous.  Their  principal  branches 
take  the  direction  of  the  long  axis  of  the  fang,  running  from  the 
base  towards  the  neck.  The  bony  tissue  channelled  by  them 
abounds  in  lacunsB,  which  do  not  differ  in  any  essential  particular 
from  those  of  the  bones  which  bear  the  teeth. 

The  connexion  of  the  teeth  with  the  jaw  appears  to  resemble  that 
which  obtains  in  Ichihyosaums :  they  are  neither  soldered  to  a  flange 
nor  impknted  in  sockets,  but  they  are  arranged  in  a  line  in  an  open 
groove  in  the  upper  surface  of  the  jaw.  Several  of  them  are  dis-> 
placed  out  of  the  groove,  which  shows  the  absence  of  anchylosis  to 
the  dentary  bone,  and  that  they  were  attached  to  it  only  through 
the  medium  of  the  soft  tissues.  Of  the  teeth  remaining  in  situ,  six 
occupy  1*5  inch. 

The  swelling  caused  by  the  great  development  of  the  cementum 
gives  these  teeth  some  resemblance,  but  only  of  a  superficial 
kind,  to  those  of  the  Chalk  "  Fossil  Fish  or  Reptile ''  lately  pur- 
chased by  the  British  Museum,  formerly  in  the  collection  of  Mr. 
Toulmin  Smith,  who  described  it  in  Charlesworth's  *  London  Geo- 
logical JToumal,'  No.  1.  Sept.  1846.  Mr.  Bowerbank  afterwards  re- 
ferred to  it  in  a  paper  on  bone  corpuscles.  The  teeth  are  here  in- 
serted in  bony  cups ;  and  Mr.  Smith  expressed  the  opinion  that 
these  were  shed  together  with  the  teeth.  The  occurrence  of  gaps 
in  the  dentary  series  from  which  both  cup  and  tooth  are  absent  pro- 
bably led  to  this  view  ;  but  there  are  also  several  full-sized  empty 
cups  without  teeth  in  them,  which  demonstrates  that  the  cup  and 
tooth  do  not  in  every  instance  simultaneously  disappear,  and  ren- 
ders it  very  unlikely  that  any  hard  structural  connexion  existed 
between  them.  I  think  it  more  probable  that  the  tooth  was  gene- 
rally first  shed,  or  detached  by  violence,  and  that  after  this  the  cup 
was  removed  by  the  abrasion  of  its  thin  unprotected  edge,  and  by 
absorption. 

As  well  as  I  can  judge,  in  the  absence  of  sections  through  the 
tooth-cup  and  bone  which  bears  it,  tb©  cups  aro  upgrowths  from  the 
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surface  of  the  bone,  which  envoloi)e  the  base  of  the  tooth,  but  do 
not  form  an  integral  part  of  it.  The  attachment  of  tlic  teeth  in 
Acrodontosaurvs  Gardneri  is,  I  suspect,  of  this  kind.  The  micro- 
scopic preparations  which  the  British  Museum  has  of  Mr.  Toulmin 
Smith's  fossils  are  too  few  and  too  imperfect  to  completely  illustrate 
its  histology,  but  what  they  do  show  is  piscine  rather  than  rep- 
tilian. 

The  minute  structaro  of  these  Kimmeridge  teeth  is,  I  think,  rep- 
tilian rather  than  piscine.  In  tlie  characters  of  their  dentine,  in 
the  persistence  of  the  upper  end  of  the  pulp-cavity  and  the  ossi- 
fication of  the  base  of  the  pulp,  and  in  the  mode  of  their  attachment 
these  teeth  show  an  approach  towards  Ichthyosaurus ;  but  there  are 
also  differences,  which  may  not  safely  be  overlooked  ;  and  until  new- 
material  puts  its  true  nature  beyond  doubt,  I  propose  to  place  this 
fossil  by  itself,  and  to  call  it  provisionally  Enihelciodon, 


Jaijtjakt  12, 1870. 

John  Aitken,  Esq.,  J.  P.,  of  Bacup,  President  of  the  Manchester 
Geological  Society;  Edward  Allen,  Esq.,  19  St.  Savionrgatc,  York  ; 
Clement  Cadle,  Esq.,  Gloucester;  Arthur  Wyatt  Edgell,  Esq.,  of 
Lympstone,  Exeter;  Charles F.  Leaf,  Esq.,  F.L.S.,  Old  Change, and 
Harrow;  and  Samuel  Joseph  Smith,  Esq.,  29  Park  Bead,  New 
Wandsworth,  were  elected  Fellows  of  the  Society.  Professor  Otto 
Torell,  of  Lund,  was  also  elected  a  Foreign  Correspondent  of  the 
Society. 

The  following  communications  were  read  : — 

1.  On  the  Geological  Position  and  GEOOBArniCAL  Distribution  of 
the  Reptilian  or  Dolomitio  Conglomerate  of  the  Bristol  Area. 
By  Robert  Etheeidge,  Esq.,  F.R.S.E.,  F.G.S.,  Palaeontologist  to 
the  Geological  Survey  of  Great  Britain. 

1.  Introduction. 

2.  History. 

3.  Mode  of  occurrenc©. 

4.  Geographical  Distribution  of,  or  Area  occupied  by  the  Dolomitic  Conglome- 

rate. 
6.  Influence  of  the  Conglomerate  upon  the  production  of  Minerals. 

6.  Position  in  time  of  the  Reptilian  remains  with  relation  to  the  Conglo- 

merate. 

7.  Zoological  Contents  or  Fauna  of  the  Dolomitic  Conglomerate. 

8.  Stratigraphical  relation  of  the  Reptilian  Conglomerate  to  Continental 

DepositB. 

9.  Table  of  Equivalents. 

1.    iNTRODXJCTIOlf. 

It  is  so  long  since  any  communication  has  been  made  to  the  Society 
upon  the  Dolomitic  Conglomerate  in  a  physical  sense,  that  it  ap- 
peared to  mo  the  time  had  arrived  "Nvhen  a  paper  in  our  Journal 
embodying  some  general  notice  or  history  of  the  conglomerate  might 
not  be  unacceptable,  especially  as  the  Dinosauria  of  the  Trias  have 
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lately  been  so  ably  treated  by  Prof.  Huxley.  This  paper  is  there- 
fore devoted  to  a  consideration  of  the  geological  position  and  geogra- 
phical distribntion  of  the  conglomerato  so  widely  spread  over  the 
Bristol  area,  and  containing  the  remains  of  the  Dinosaurian  reptUes 
Theeodcniosaurus  and  PaUeotaurus. 

I  have  little  to  communicate  that  has  not  been  noticed  by  the 
older  "writers ;  and  the  mention  of  the  names  of  Bright,  Gilby, 
Backland,  Ck)nybeare,  De  la  Beche,  and  Murchison,  will  show  how 
little  is  left  for  me  to  do ;  but  uninviting  as  this  nearly  unfossili- 
ferous  rock  may  appear  at  first  sight,  it  nevertheless  possesses  a 
history  even  yet  not  written,  and  its  origin,  date,  and  fauna  are  still 
matter  for  investigation  and  research. 

This  old  breccia  is  a  grand  and  striking  feature  over  many  parts 
of  the  area  where  it  is  well  exposed,  and  is  a  marked  condition  in  the 
geological  history  and  physical  structure  of  Britain,  to  bo  studied 
and  understood  only  over  the  limited  and  complicated  area  occupied 
by  the  palteozoie  rocks  of  the  Bristol  coal-basin. 

2.    HiSTOBT. 

So  long  ago  as  the  days  of  Bichard  Bright  and  Dr.  Gilby,  in 
1811-16,  the  age  and  position  of  the  dolomitic  conglomerate  of  the 
Bristol  area  perplexed  geologists. 

The  late  able  papers  by  Prof.  Huxley,  communicated  to  this 
Society  *,  have  again  opened  up  the  question  in  connexion  with  the 
position  in  time  and  space  to  be  assigned  to  two  genera  of  Dino- 
sauria,  a  question  of  much  interest,  as  tending  to  clear  up  the  age, 
position,  and  distribution  of  certain  Reptilia  occurring  in  many  parts 
of  Europe,  Asia,  Africa,  and  America.  Again,  the  relation  of  the 
conglomerate  in  question  to  the  older  rocks  on  which  it  rests,  as 
well  as  to  the  sandstones  and  marls  associated  with  it,  is  a  matter 
of  much  local  interest. 

I  propose  discussing  this  question  on  physical  grounds  only,  and 
a»  an  accompanying  paper  to  that  of  Prof.  Huxley  upon  the  paleeon- 
tological  contents  of  certain  rocks  in  the  Bristol  area  called  dolomitic 
conglomerate. 

The  only  remains  ever  found  belonging  to  tho  dolomitic  conglo- 
merate were  described  by  Messrs.  Riley  and  Stuchbury  in  their  able 
paper  in  the  *  Transactions  of  the  Geological  Society,'  vol.  v.  2nd  ser. 
p.  349,  read  in  1836  (published  1840) ;  and  lately  much  additional 
matter  has  been  added  by  Prof.  Huxley  in  his  paper  upon  the  classi- 
fication and  affinities  of  tiie  Dinosauriaf. 

This  singular  deposit  is  locally  called  tho  Magnesian  or  Dolomitio 
Conglomerate  j:,  so  termed  from  the  presence  of  dolomite^  or  carbo- 

•  Quart.  Joum.  Qeol.  Soc.  vol.  xxvL  p.  12 :  "  On  the  affinity  between  the  Di- 
nosaurian Reptiles  and  Birds."  *'  On  the  claesification  of  the  Dinosauria,  with 
observations  on  the  Dinosaaria  of  the  Trias/'  ibid.  p.  32. 

t  Quart  Joum.  Geol.  Soc.  vol.  xxri.  pp.  32-50. 

X  The  Yorkshire  and  Nottinghamshire  dolomite  or  magnesian  Limestone  is 
an  independent  member  of  the  Permian,  and  must  not  be  confounded  either 
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uate  of  lime  asaooiated  with  carbonate  of  magnesia,  fonning  a  paaty 
cement  by  which  the  rounded  boulders  and  pebbles  constituting  the 
deposit  are  firmly  held  together ;  it  is  not  to  be  confounded  with 
the  Permian  magnesian  limestones  of  the  N.E.  of  England.  The 
proportion  of  Hme  and  magnesia  appears  to  be  indefinite  in  the 
uncrystallized  dolomite,  which  is  a  mere  mixture  of  true  dolomite 
ond  carbonate  of  lime. 

Messrs.  Buckland  and  Conybeare  were  the  first  to  apply  the 
term  ^*  dolomite "  both  to  this  formation  and  to  the  carboniferoua 
limestone  when  dolomiiized  in  9itu,  or  so-called  dolomitued  lime* 
stone. 

In  ]  817  Mr.  Warburton  *  had  previously  stated  with  reference 
to  the  conglomerate  and  associated  New  'Red  Sandstone  in  the 
neighbourhood  of  Bristol  and  the  Mendip  Hills,  that  ^*  if  denudatory 
or  other  disturbing  causes  were  in  action  previously  to  the  depo- 
sition of  the  red  marl,  we  might  expect  to  find  the  red  marl  im- 
mediately incumbent  upon  any  rock  from  the  coal-measurcs  to  the 
granite  inclusive." 

Buckland  and  Conybeare  in  1822  f  showed  that  the  older  and 
disturbed  rocks  of  the  Bristol  district  were  not  only  covered  uncon- 
formably  by  various  beds  of  the  New  lied  Sandstone  series,  but  also 
that  higher  formations,  such  as  the  Lias  and  Oolite,  were  brought  into 
contact  with  them  in  the  same  relative  position. 

Messrs.  Eiley  and  Stuchbury  subsequently  had  occasion  to  notice 
these  bods  under  peculiar  and  interesting  circumstances,  announcing 
at  the  same  time  the  discovery  of  two  genera  of  roptilia  in  this 
conglomerate  on  Durdham  Down,  near  Bristol ;  these  they  respec- 
tively named  Tliecodontosaurus  and  Palofosaurus.  From  that  time 
to  the  present  no  occasion  has  arisen  to  call  attention  to  these  appa- 
rently uninteresting  rock-masses,  which,  however,  locally  are  of  much 
importance. 

I  should,  however,  here  mention  that  my  valued  friend,  W.  San- 
dors,  Esq.,  E.Er.S.,  of  Clifton,  during  the  construction  of  his  large 
geological  map  X  of  the  Bristol  coal-field  was  so  impressed  with  the 
belief  that  the  Dolomitic  Conglomerate  occupied  in  some  places  the 
lowest  part,  and  in  othera  the  middle  (in  time)  of  the  Keuper 
series,  that  he  purposely  omitted  inserting  the  conglomerate  as  a 
separate  formation  upon  his  mtq),  but  incorporated  or  massed  it 
with  the  New  lied  Sandstones  and  marls,  calling  tho  whole  the 
Keuper  marls  and  sandstones.  His  map  therefore  fails  to  show  tho 
geographical  position  of  the  conglomerate  on  the  higher  or  more 
elevated  tracts  of  land  surrounding  the  Bristol  coal-field.  That  he 
was  right  in  associating  it  with  and  placing  it  at  the  base  of  the  New 
Bed  Sandstones  and  marls  cannot  be  doubted ;  and  the  numerous 
sections  and  conditions  under  which  I  have  examined  it,  both  in  the 

with  the  BO-called  magnesian  limestone  of  Gloucestershire  and  SomerseUhire 
(which  forms  part  of  the  dolwmtic  cofwlomerateY  or  with  the  conglomerate  itaelf. 

*  Trans.  Geol.  Soc.  vol.  iv.  p.  209 :  1817. 

t  Trans.  Geol.  Soc.  2ud  ser.  vol,  i.  p.  217,  Ac 

X  Constructed  upon  the  scale  of  4  inches  to  th^  mile. 


Digitized  by 


Google 


}870.]  ETHBBIBaS — ^BBUTOL  DOXOJOTIC  C0X0I.OX£BAT£.  177 

immediate  Bristol  area,  and  in  the  West-Somerset  and  South- 
Wales  districts,  conTince  mo  that  the  age  of  this  conglomerate  was 
the  coming  in  or  commencement  of  the  £eupcr  in  the  area  under 
consideration. 

I  must  not  omit  also  to  state  that  Sir  II.De  la  Beche  in  1846  *, 
and  subsequently  in  his  *  Geological  Observer't,  discussed  this  ques- 
tion and  clearly  defined  the  geological  position  and  conditions  of  the 
dolomitic  conglomerate.  Ho  has  successfully  shown  that  it  was  in- 
tercalated with  the  associated  and  succeeding  sandstones  and  marls  at 
many  places,  and  during  dififerent  periods,  in  and  through  the 
Keuper  series,  and  even  **  continued  up  to  and  may  have  included 
the  base  of  the  Lias ;  '*  but  we  must  guard  against  misunderstanding 
the  two  conglomerates,  their  palasontological  contents  being  totally 
different. 

There  are  many  localities  along  the  north  side  of  the  Hendip 
Hills,  on  steep  or  rising  ground,  where  the  iutormiugling  of  beach- 
like  wedge-shaped  masses  with  finer  surrounding  and  associated 
sandstones  constantly  occurs,  these  finer  accumulations  not  having 
bemi  (in  some  places)  removed  by  denudation.  Again,  we  cannot 
doubt  that  the  superincumbent  marls  and  sandstones  cover  up  or 
conceal  enormous  masses  of  widely  spread  conglomerate.  This  is 
especially  the  case  over  the  upper  coal-shales  in  the  centre  of  the 
southern  eoal-field.  The  surrounding  zone  of  Pennant  and  Lower 
Coal-shales,  Millstone  Grit,  and  Carboniferous  Limestone  also  suc- 
cessively have  their  upturned  edges  more  or  less  covered  by  the  con- 
gl(mierate,  the  so-called  ^*  millstone^'  or  ^*  overlie  "  of  the  coal-miners, 
as  is  proved  by  almost  every  coal-pit  sunk  in  the  southern  basin ; 
and  the  contents  of  the  breccia  or  conglomerate  at  once  determine 
the  souroe  of  the  pebbles. 

The  Geological  Survey  of  Great  Britain,  in  their  published  hori- 
zontal sections,  have  also  distinctly  shown,  over  the  Mendip  area,  the 
recurrence  of  masses  of  conglomerate  during  the  deposition  of  the 
whole  Keuper  series,  and  how  not  one  only,  but  mctny  beds  of  breccia, 
&c.f  with  sunilar  phenomena  and  under  given  conditions,  occur  along 
the  strike  of  the  palaK>zoic  land,  having  been  deposited  throughout  the 
whole  time  that  the  Keuper  sandstone  and  marls  were  accumulating 
in  a  deeper  or  more  open  sea. 

3.  Mode  of  Ocgubreitce. 

To  appreciate  this  fringe  or  existing  remnant  of  a  once  widely 
spread  mass  of  conglomerate  nearly  surrounding  the  Gloucestershire 
and  Somersetshire  coal-basin,  it  should  be  seen  and  examined  in  situ. 

It  has  now  tho  appearance  of  a  lino  of  consolidated  shingle 
beaches  remaining  at  their  old  levels  with  relation  to  the  palae- 
ozoic rocks  on  which  they  rest  and  from  which  they  were  origi- 
nally constructed.  They  represent  an  amount  of  time  so  vast, 
and  a  mass  of  old  and  lost  land  so  great,  that  the  mind  almost  re- 

♦  Mein.  Gteol.  Surr.  vol.  i.  1846. 

t  Geological  Obseryer,  1853,  pp.  47&-406. 
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fuses  to  accept  the  fact  that  scarcely  one-fourth  of  the  older  rock- 
masses  of  Somersetshire,  Gloucestershire,  and  Glamorganshire  now 
exist  in  their  original  conditions ;  and  a  careful  study  of  the  pheno- 
mena connected  with  the  deposition  and  accumulation  of  the  Dolo- 
mitic  Conglomerate  carries  with  it  the  conviction  that  this  area,  in 
the  West,  of  England,  at  the  close  of  the  coal-measures,  on  its  eleva- 
tion from  profound  depths,  was  subjected  to  great  and  long-con- 
tinued denudation ;  and  as  the  old  land  slowly  rose,  its  original 
mass  was  greatly  reduced  by  the  action  of  the  Keuper  sea. 

Prof.  Ramsay,  in  1846,  in  his  elaborate  memoir  upon  the  "Denu- 
dation of  South  Wales  and  the  adjacent  English  Counties"*,  in  dis- 
cussing the  probable  presence  of  the  lower  menfbers  of  the  New 
Red  Sandstone,  suggests  that  these  strata  were  either  "  destroyed 
after  deposition  or  were  concealed  by  overlapping  upper  beds  of 
New  Red,  which,  still  resting  in  a  comparatively  undisturbed  basin, 
may  conceal  the  missing  members  in  hidden  hollows."  This  hjrpo- 
thesis  is  highly  probable ;  but,  up  to  the  present  time,  it  has  not 
received  confirmation. 

We  cannot,  however,  doubt  that  this  conglomerate  with  its  asso- 
ciated sandstone  and^marlsf  is  part  measure  of  the  waste,  and  the 
result  of  marine  and  subsequent  subaerial  denudation  under  the 
agency  of  time  ;  for  whatever  inequalities  of  coast-line  or  exposed 
masses  existed  at  the  close  of  the  palosozoic  period,  it  was  during 
the  formation  of  the  conglomerates  and  breccias  that  they  were 
removed,  and  the  newer  masses  relatively  arranged  nearly  as  we 
now  find  them,  thus  furnishing  us  with  data  to  calculate  approxi- 
mately the  several  levels  or  heights  of  the  older  continent  above  the 
level  of  the  New  Red  sea  (assuming  the  latter  to  have  been  constant), 
and  thus  enable  us  to  find  the  age  of  the  Dinosaurian  conglomerate 
on  Durdham  Down  near  Bristol. 

The  average  thickness  of  the  New  Red  series  over  the  Bristol 
area  is  about  250  feet,  less  by  one-third  than  the  same  series  in  the 
northern  and  central  part  of  England. 

The  lowest  member  recognized  in  the  Bristol  and  South-Walea 
coal-field  is  the  Dolomitic  Conglomerate.  I  may,  however,  mention 
that  in  some  localities  there  are  no  pebbles ;  for  at  Sully,  on  the 
Glamorganshire  coast,  the  rock  is  pe^cctly  homogeneous,  and  has 
the  appearance  of  a  dolomitizcd  carboniferous  limestone,  and  in 
many  places  the  different  conditions  of  these  rocks  pass  so  imper- 
ceptibly into  each  other  that  it  is  convenient  to  consider  them  all 
under  the  common  appellation  of  conglomerates. 

The  average  thickness  of  this  conglomerate  is  about  20  feet, 
although  many  sections  exhibit  mural  faces  and  slopes  40  or  50 
feet  in  height  or  thickness.  Occasionally  it  becomes  so  fine-grained 
and  highly  charged  with  the  cementing  matter,  that  it  assumes  the 
character  of  a  compact  dolomite,  resembling  the  yeUow  magnesian 

*  Memoirs  of  the  Geological  Surrej,  vol.  i. 

t  The  New  Bed  Sandstone  fonnation  in  this  area  is  composed  of  three  mem- 
bers : — 1.  the  Dolomitic  Conglomerate;  2,  the  New  Red  Sandstone ;  3,  the  New 
Bed  Marls  at  the  summit. 
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limestones  of  the  N.E.  of  Eugland.  At  Yate  Rocks,  near  Yate  and 
Chipping  Sodbury,  the  yellow  conglomerate,  similar  in  all  its  con- 
ditions to  that  of  Clevedon,  rests  npon  the  upper  beds  of  the  Carbo- 
niferons  Limestone  and  Millstone  Grit,  assuming  the  most  step- 
like character  (c  in  fig.  1).  The  edge  of  the  underlying  limestone, 
(a),  is  denuded  to  a  perfect  plane  by  the  agent  which  deposited  the 
conglomerate. 

Fig.  1. — Section  at  Tate  Rocks, 


a.  Carboniferous  Limestono.  b  kc.  Conglomerate. 

This  locality  exhibits  the  only  remnant  of  the  yellow  magnesian 
beds  known  in  the  northern  part  of  the  Bristol  coal-field.  They  must, 
however,  have  extended  along  the  whole  of  the  eastern  side  of  the 
basin,  from  Wick  Hocks  to  Cromhall,  where  a  similar  solitary  patch 
attests  its  northern  extension.  North  of  Cromhall,  at  Tortworth, 
the  conglomerate  follows  the  curve  and  strike  of  the  Old  Bed  Sand- 
stone and  Lower  Limestone  Shales.  I  cannot  doubt  that  the  yellow 
beds  of  Yate  Eocks  might  be  exposed  in  many  other  places  by  the 
removal  of  the  Trias  and  overlying  Lias. 

4.  Geographical  Distribution  of,  or  Area  occxtpied  bt  the  Dolo- 

MinC  COKOLOMERATE. 

The  palaeozoic  rocks  of  the  Bristol  coal-field,  ranging  in  time 
from  the  Caradoc  sandstone  to  the  close  of  the  coal-measures  in- 
clusive, are  more  or  less  indiscriminately  covered  by  patches  of  this 
conglomerate  at  various  heights,  from  20  feet  to  350  feet  above  the 
level  of  the  sea.  These  rest  either  upon  the  Silurian,  Devonian,  or 
Carboniferous  series,  and  arc  the  result  of  that  marine  denudation 
which  took  place  during  the  later  Bunter  or  the  commencement  of 
the  Keuper  deposits. 

The  Bristol  coal-basin  occupies  an  area  of  about  600  square 
miles,  or  a  tract  of  country  30  miles  long  by  20  wide  ;  and  every- 
where within  this  area,  either  fringing  or  capping  at  intervals  the 
oldest  rocks,  does  the  dolomitic  conglomerate  occur. 

Its  northernmost  limit  is  at  Tortworth ;  and  its  most  southerly 
extension  is  outside  the  limits  of  the  basin,  or  south  of  the  Men- 
dips,  at  "Worminster  and  West  Compton,  the  whole  equalling  a 
distance  of  32  miles,  and  having  masses  more  or  less  exposed 
along  the  whole  western  side  of  the  coal-field.  The  north  and 
south  flanks  of  the  Mendips  are  both  continuously  fringed  and 
partly  covered  by  beach-liko  masses  varying  from  20  to  60  feet  in 
thickness,  and  in  places  ascending  to  the  very  summit  of  that  range 
oX  hills,  as  at  Shipham,  North  Ilill,  and  Haydon,  at  Blagdon,  East 
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Harptree,  Chewton  Mendip,  Stratton  on  the  Fosse,  Mells,  and  Elm 
on  the  north  side,  where  it  is  a  grand  and  significant  feature  in 
the  physical  structure  of  the  flanks  of  the  Mendip  chain.  In  the 
words  of  De  la  Beche,  "  Standing  on  any  of  the  high  grounds  on 
the  Mendip  Hills,  it  is  interesting  to  consider  how  exactly  the 
masses  occur  as  they  should  do,  under  the  supposition  that  they 
have  been  beaches  among  islands  rising  above  the  sea  of  the  time." 

Again,  at  Croscombe,  Binder,  "Wookey  *,  Westbury,  Cheddar,  and 
Compton  Bishop  it  exhibits  itself  as  a  portion  of  a  widely  spread 
series  to  the  south  of  the  Meudips,  beneath  the  Keuper  and  Lias  of 
the  plain  of  Somerset.  The  singular  outliers  of  Gambarts  Hill,  Wor- 
minster,  Knowlc,  and  Church  Hills  south-east  of  Wells,  islands  of 
Carboniferous  Limestone,  now  surrounded  by  dolomitic  conglome- 
rate and  lied  Sandstone,  are  evidences  of  what  must  be  the  deeper- 
seated  condition  of  these  beds  under  the  plain  of  New  Red  and 
Lias  of  Pennard  and  Glastonbury  on  the  south,  onwards  to  South 
Devon,  extending,  as  I  believe,  to,  and  being  of  the  same  age  as,  the 
conglomerate,  breccia,  or  pebble-beds  of  Budleigh-Salterton,  and 
the  sandstones  containing  Hyperodapedon, 

I  cannot,  also,  doubt  that  the  remarkable  breccias  on  either  side 
of  the  Quantock  Hills  and  in  the  vales  of  Stogumber  and  Wel- 
lington, which  foUow  the  tortuous  course  of  the  flank  of  the  Ex- 
moor,  are  all  of  this  age. 

I  must  not  omit  to  notice  the  remarkable  outlier  of  Broadfleld 
Down,  between  Bristol  and  the  Mendips  ;  for  at  no  point  around  its 
island-like  mass  is  it  free  from  this  encircling,  reef-like,  or  fringing 
conglomerate.  To  att-cst  still  more  its  widely  spread  condition,  I 
must  also  assert  its  continuous  presence  at  tiie  base  of  the  Lower 
Secondary  rocks  which  cover  up,  or  conceal,  the  coal-measures 
of  the  Somersetshire  coal-field,  or  that  area  occupied  by  these  roeka 
between  Bristol  and  the  Mendip  Hills,  in  a  north  and  south  direc- 
tion, as  well  as  east  and  west  from  Broadfield  Down  to  Newton  SL 
Leo,  near  Bath,  thus  giving  an  area  of  140  square  miles,  the  greater 
portion  of  which  is,  I  doubt  not,  occupied  by  unexposed  dolomitic 
conglomerate,  generally  or  universally  known  and  designated  by  the 
coal-miners  as  the  "  overlie,"  or  "  millstone,"  from  its  invariably  oc- 
cupying the  same  position  below  the  Keuper  series  over  the 
southern  area,  and  covering  the  several  members  of  the  coal-mea- 
sures (the  Upper  Coal-shale,  Pennant,  and  Lower  Coal-shale).  In 
the  narrow  vale  of  Wrington,  at  Butcombe,  between  Winford  on 
Broadfield  Down  and  Blagdon  at  the  north  part  of  the  Mendip 
Hills,  it  is  also  finely  exposed,  the  superincumbent  hills  of  Lias 
and  lied  Marls  being  cut  down  or  denuded  so  as  to  expose  the  con- 
glomerate. 

Nowhere  along  the  eastern  side  of  the  southern  basin,  exupt  at 
Mells,  at  the  S.E.  or  E.  extremity  of  the  Mendip  range,  are  these 
rocks  exposed  or  brought  to  the  surface  ;  but  here  they  conceal  the 
junction  of  the  coal-measures  with  the  mountain-limestone  abutting 

*  The  famoiM  Hyfcna-den  and  cavern  of  Wookey  Hole  are  both  cxcarated  in 
this  conglomerate. 
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Against  and  forming  the  gorge  of  the  Nettlebridge  Hirer  in  steep 
mural  precipices  60  feet  high,  and  composed  of  bonldcrs  or  frag- 
ments tons  in  weight. 

No  Talley  to  the  N.E.  of  Mells  is  cut  down  sufficiently  deep 
through  the  overlying  marls,  lias,  and  Oolites  to  expose  the  brec- 
cia; but  its  presence  at  Wick,  north  of  Bath,  on  the  one  hand, 
and  at  MeUs,  before  named,  on  the  other,  clearly  proves  that  the 
remoTol  of  the  snperincnmbent  secondary  strata  ranging  from  the 
New  lied  to  the  Great  Oolite  inclusive  would  reveal  it. 

The  northern  part  of  the  Bristol  coal-basin,  or  that  portion  ran- 
ging from  Bristol,  Holy  Trinity,  and  Wick,  on  the  south,  to  Cromhall 
and  Tortworth,  on  the  north,  possesses  on  its  eastern,  northern,  and 
western  sides  abundant  evidence  of  this  once  continuous  conglo- 
merate within  the  basin ;  but  now,  owing  to  the  removal  of  all  the 
overlying  newer  or  mesozoic  rocks  from  the  centre  of  the  coal-field, 
and  the  exposure  of  the  Upper  Coal-measures  and  Pennant  sandstone 
at  Coal-pit  Heath,  Yate,  &c.,  its  presence  is  only  indicated  by  exten- 
sive and  continuous  patches  resting  on  the  high  ridge  of  land  occu- 
pied by  Tytherington,  Olveston,  and  Almondsbury,  and  on  to  the 
tableland  around  Henbury,  Leigh  Downs,  and  CHfton,  all  on  the 
western  side  of  the  north  basin.  The  accompanying  diagram  (fig.  2) 
exhibits  the  characteristic  condition  of  the  Breccia,  and  is  a  carefully 
prepared  illustration  of  the  well-known  mass  overhanging  the  river 
Avon  on  its  right  bank,  and  about  200  feet  above  the  river ;  this, 
with  many  others,  shows  the  gradual  passage  into  finer  breccia  and 
pebbles,  and  ultimately  into  the  fine-grained  sandstones  which 
cover  up  the  Clifton  Downs  west  of  the  Observatory,  and  the  table-» 
land  to  the  north.  This  isolated  mass,  with  other  evidence  on  both 
banks  of  the  Avon,  at  and  above  the  same  level,  clearly  determines  the 
age  of  the  gorge  of  the  Avon  to  be  Post-Liassic  in  time,  and  shows  that 
the  river  must  have  cut  its  downward  or  deepening  channel  through  a 
lai^e  amount  of  superincumbent  Secondary  rocks  ;  for  from  the  sea- 
level,  at  Portishead  and  Pill,  &c.,  up  to  the  height  of  the  reptilian 
conglomerate  on  Durdham  Down,  we  have  a  constant  succession  of 
these  beds  resting  upon  the  older  rocks  of  the  river,  and  here  and 
there  clinging  to  the  precipitous  faces  of  Carboniferous  Limestone 
or  Old  Bed  Sandstone  rocks  that  constitute  the  gorge  of  the  tortuous 
Avon,  and  finally  spreading  themselves  under  the  finer  sandstone  of 
the  Kenper  over  the  great  mass  of  Carboniferous  Limestone,  &c., 
that  constitutes  the  heights  on  tho  western  side  of  the  coal-basin, 
300  feet  above  the  sea. 

Crossing  the  channel  we  find  the  same  phenomena  existing  be- 
tween Tidenham  near  Chepstow,  and  Pyle  near  Bridgend,  to  the 
west.  Its  northern  range  is  defined  and  bounded  by  the  southern 
outcrop  of  the  Carboniferous  Limestone  and  Coal-measures  of  the 
South-Welsh  coal-field,  where,  as  in  Gloucestershire  and  Somerset- 
shire, it  rests  in  patches  upon  the  older  rocks,  and,  as  on  the  eastern 
side  of  the  Severn,  is  the  source  of  the  calamine,  lead,  and  hydrated 
oxides  of  iron  of  the  South- Wales  area. 
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Fig.  2. — Section  of  Dohniitic  Conglomerate  in  the  new  road  leading 
from  the  Hotwells  to  Clifton  and  Durdham  Downs,  showing  jms^ 
sage  from  heavy  massive  Conglomerate  itUo  fine-grained  Sand- 
stone. 


This  breccia  largely  occupies  the  country  between  Barry  and  Sully 
Islands  and  Llandaff,  and  between  the  latter  place  and  Llanharry, 
Coyty,  and  Pyle,  fringing  the  limestone  downs  of  St.  Nicholas,  St. 
Donats,  and  Nottage,  and  is,  in  extent,  nearly  equal  to  that  of  the 
Mendip  range ;  indeed,  physically,  these  two  masses  of  old  land  on 
either  side  of  the  Severn  were,  and  are  now,  one,  being  divided  only 
by  a  deep  depression  in  the  Carboniferous  Limestone,  now  occupied 
by  the  waters  of  the  Severn.  The  strike  of  the  submei^ed  lime- 
stone is  still  indicated  by  three  patches  at  Barry  Island,  the  Wolves' 
Bock,  and  the  two  islands  termed  the  Flat  and  Steep  Holmes,  which 
now  evidence  that  the  ridge  of  high  palaaozoic  land  was  once  con- 
tinuous to  the  peninsula  of  Gower  and  Menevia,  and  onwards,  under 
the  St.  George's  Channel,  to  the  south  of  Ireland.  This  axis  alone 
is  determinable  for  150  miles,  over  nearly  80  of  which  the  conglo- 
merate occurs  more  or  less,  covering  much  of  tlie  once-exposed 
masses  and  flanks  of  the  older  rocks. 

In  the  Bristol  area,  however,  as  noticed  by  Buckland  and  Cony- 
beare  *,  the  breccia  is  chiefly  composed  of  the  debris  of  the  rocks 
on  which  the  conglomerate  rests ;  and  the  fragments  vary  in  size 
from  an  inch  to  three  or  four  foet  in  diameter,  many  of  the  larger 
boulders  weighing  from  one  to  three  tons  each. 

The  conglomerate  of  the  CJuantock  Hills  (of  the  same  age)  is 
constructed  entirely  of  the  Devonian  slates  and  limestones  of  which 
these  hills  are  composed ;  so  with  the  breccias  at  Milverton,  east  of 
Wiveliscombe,  and  in  the  vale  of  Stogumber,  between  the  Quantx>ck 
Hills  and  the  Exmoor.  Porlock  and  Luckham  vaUej's,  although  so 
completely  isolated  and  shut  in  and  to  the  north  of  Exmoor,  exhibit 
conglomerates  of  the  same  age,  and  have  the  same  physical  aspects. 
So  also  at  Brandon  Hill  (Bristol),  where  pebbles  of  quartzose  mill- 
Btone  grit  only  form  the  mass.  On  the  left  bank  of  the  Avon,  opposite 
Cook's  Folly,  the  conglomerate  conceals  the  subjacent  highly  inclined 
beds  of  Old  Bed  Sandstone,  and  is  there  also  entirely  derived  from 
the  rock  upon  which  it  rests. 

*  Tran?.  Geol.  Soc.  vol.  i. 
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5.  IhFLT7EKCE  op  THC  CoXOLOHEEATB  upon  the  PBODrCTION  OF 
M1N8BAL8. 

The  well-known  rich  deposits  of  calamine  (carbonate  of  ziuc)  once 
ertensiTely  worked  at  Shipham,  Burrington,  Rowborrow,  Chewton, 
Priddy,  and  Hey  don,  on  the  Mendip  HUls,  occurred  chiefly  in  the 
mass  of  the  dolomitic  conglomerate  itself,  but  also  in  faults, 
fissures,  and  hollow^s,  or  pockets,  in  the  Carboniferous  Limestone, 
which  were  present  prior  to  the  deposition  of  the  conglomerate  and 
5ew  Red  Sa-.dstonc,  subsMjuontly  filled  in  by  the  same,  and  in- 
fluenced during  deposition.  So  ako  with  the  rich  deposits  of  hydrated 
peroxides  of  iron,  or  brown  and  red  haematitic  iron-ores,  over  and 
around  the  entire  ci  al-basin ;  for  nearly  everywhere  where  the  con- 
glomerate rests  upon  the  Carboniferous  Limestone,  Pennant,  or  Mill- 
stone Grit  do  these  brown  and  red  hamatitic  iron-ores  exist.  The 
area  occupied  by  the  breccia  due  west  of  Bristol,  and  on  the  south- 
west side  of  the  Avon,  has  always  been  remarkable,  and  one  of  in- 
terest to  the  mineralogist.  The  rich  haematite-ores  of  Clapton  in 
Gordano,  Providence  Place,  and  Ashton,the  geodcs  tfcc.  on  the  flanks 
of  Leigh  Down,  the  quartz  crystals  (Bristol  diamonds)  and  stron- 
tia  &c.  arc  everywhere  associated  with  the  conglomerate  when  it 
rests  on  the  older  rocks  before  mentioned. 

Nearly  all,  if  not  all,  the  iron-ore  in  veins  or  faults  in  the  Carboni- 
ferous limestone.  Millstone  Grit,  and  Pennant  were  filled  in  at  the 
time  when  the  conglomerates  were  being  developed  and  deposited, 
and  these  older  rocks  denuded  away  by  the  Keuper  sea.  So  with 
the  ores  in  pockets,  where  the  carbonate  of  lime  and  magnesian 

Fig.  3. — Section  tihowing  mode  of  occurrence  of  Iron-ores  in  Car^ 
boniferous  Limestone  ^r. 


<?,  a.  Ircn  veins.  b.  Pocket. 


cement  has  been  removed  or  replaced  in  many  or  most  instances  by 
the  infiltration  of  the  oxides  of  iron,  &c.,  since  the  deposition  of  the 
conglomerate.  Few  inquiries  are  more  interesting  or  more  impor- 
tant than  that  into  the  relation  which  mineral  veins  hold  to  the 
TOcks  which  enclose  them  or  with  which  they  are  intimately  asso- 
ciated*. 

It  18  well  known  that  the  whole  of  the  pahcozoic  rocks  in  this 
area,  as  in  others,  were  placed  in  their  disturbed  position  prior  to 

*  The  ores  of  zinc  and  lead  may  hay©  bsen  derived  meciianically  from  pre- 
^OTuIj  exigting  metalliferous  veins  irbich  traversed  the  Mour.tiin -limestone. 
Yet,  on  the  other  band,  the  2Sech8tein  and  Alpine  limestone  are  highly  iiietal* 
liieroua,  and  they  would  appear  to  bo  in  part  the  foreign  equivalents  of  the 
flolomjtic  conglomerates  of  Kigland. 
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th:it  long  period  of  denudation  whicli  was  ushered  in  with  the  com- 
mencement of  the  Bnnter,  and  succeeded  by  the  Keuper. 

It  was  during  this  period  that  the  destruction  and  removal  of  the 
bolder  masses  of  the  palteo/^oic  rocks  took  place,  and  this  during 
their  depression  to  great  depths  in  the  New-R<Mi  ocean,  thus  pro- 
ducing the  accumulated  masses  of  the  dolomitic  conglomerate,  asso- 
ciated sandstones  and  marls,  and  added  to  these  the  superimposed 
Lias  &c.  This  depression  must  have  gone  on  to  the  extent  of 
some  4000  or  6000  feet*,  physical  and  cosmicol  changes  again  (or 
subsequently)  bringing  to  the  surface  the  old  palaeozoic  land  under 
newly  modified  conditions ;  and  during  this  slow  and  gradual  emer- 
gence the  Trias,  Lias,  and  Oolitic  rocks  were  in  their  turn  denuded 
and  swept  away,  thus  giving  to  the  Severn  area  and  valley  the 
general  physical  features  and  aspects  now  presented  to  us. 

"We  thus  have  to  do  with  phenomena  belonging  to  two  distinct 
and  extended  epochs  of  time, — the  Jlrst  being  the  removal  and  re- 
modelling of  the  prior-existing  older  and  newer  paheozoic  rocks, 
through  the  advent  of  the  Mesozoic  period,  and  by  the  agency  of  the 
Permian  and  Triassic  seas  (which  cut  back  and  denuded  the  coast- 
lines then  exposed  to  their  influence),  and  the  deposition  in  the 
deeper  regions,  and  along  the  strike  of  the  shores,  of  the  spoils  of 
the  older  continent. 

The  second  epoch  was  that  later,  even  almost  modern  period  of 
geological  time  when  by  the  reclevation  or  reemergence  of  the 
accumulated  secondary  rock-masses,  and  their  subsequent  removal, 
the  old  surfaces,  if  not  still  deeper  ones,  became  again  exposed 
and  remodelled,  assuming  fresh  geographical  outlines  dependent 
upon  the  amount  of  oscillation  the  land  then  imderwent  in  rela- 
tion to  the  stability  of  the  ocean-level.  Thus  many  of  the  fissures 
and  faults  in  the  palaK)zoic  rocks  have  been  twice  exposed  and  in- 
fluenced, and  through  great  periods  of  time ;  and  no  one  can  witness 
the  remnants  of  some  doubtful  Permian  and  Triassic  rocks  which 
rest  upon  the  higher  lands  occupied  by  the  Carboniferous  Limestone 
and  Millstone  Grit  of  the  district,  or  examine  the  mineral  veins, 
fissures,  faults,  and  joints,  and  their  mode  of  occurrence,  without 
being  strongly  impressed,  if  not  convinced,  that  the  conditions 
thus  briefly  noticed  are  those  which  bear  out  the  hypothesis  I 
have  enunciated  to  account  for  the  accumulation  of  the  ores  of 
iron  and  zinc,  sulphate  of  strontia,  and  occasionally  manganese. 
An  example  of  this  remodelling  of  the  very  same  conglomerate  is 
now  exhibited  along  the  eastern  shores  of  the  Severn  between  Por- 
tishcad  and  Clcvedon,  where  the  waters  of  the  estuary  are  now 
daily,  constantly,  and  efl*ectunlly  removing  its  barrier  of  magnesian 
breccia,  as  well  as  the  underlying  mountain-limestone.  Pennant, 
and  Old  Red  Sandstone,  and  again  reconstructing  the  whole  into  a 
quaternary  conglomerate  or  modem  breccia,  but  with  a  different 
cementing  constituent. 

I  am  inclined  to  believe  that  this  later  period  of  denudation  must 
have  occurred  during  the  lengthened  era  of  the  Miocene  or  later 
*  The  Bristol  coal-Geld  is  between  5000  ond  0000  feet  deep. 
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tertiary  times — and  cannot  doubt,  from  the  physical  condition  of 
the  vales  of  the  Severn,  Gloucester,  and  Berkeley,  &c.,  that  the 
finely  exposed  western  escarpments  of  Oolite,  and  still  more  east- 
ward ranges  of  Cretaceous  rocks,  in  fact  the  whole  Secondary  series, 
once  covered  and  arched  over  the  now  deeply  exposed  and  denuded 
Lower  Mesozoic  and  PalaM>zoic  rocks  that  constitute  the  mass  of  the 
country  west  of  the  Cotteswold  range.  What  influence  and  changes 
these  valleys  underwent  still  later,  or  during  the  Pliocene  and  Post- 
pliocene  epochs,  I  would  leave  to  be  discussed  in  a  special  paper  upon 
the  age  of  the  Severn  valley. 

I  believe,  then,  that  it  was  during  the  progress  of  the  denudation  of 
the  paheozoic  rocks  by  the  seas  of  the  Triassic  epoch  that  the  pre- 
existing faults  and  fissures,  or  open  joints,  &e.,  along  the  coast-lines, 
were  mechanically  and  chemically  filled  in.  The  colour  and 
nature  of  the  New  Bed  marls  and  sandstones,  fiilly  attest  the  pre- 
sence and  abundance  of  the  peroxide  and  protoxide  of  iron  at  the 
time  of  their  deposition,  due  perhaps  originally  to  the  oxidation 
of  the  materials  contained  in  the  older  carboniferous  rocks,  which 
became  tlius  metamorphosed  during  removal  and  deposition.  The 
chemical  condition  of  the  saline  waters,  or  even  water  at  a  higher 
temperature  than  that  of  the  modern  seas  of  Europe,  may  have 
tended  to  the  more  rapid  deposition  or  accumulation  of  the  iron  Sic* 
in  the  faults  and  fissures. 

There  are  many  localities  in  and  around  the  Bristol  coal-field 
where  full  and  complete  evidence  can  be  obtained  as  to  the  age  of 
the  infilling  of  these  dislocations  &c.  in  the  Carboniferous  Lime- 
stone, Millstone  Grit,  and  Pennant,  due  to  the  destruction  of  the 
older  rocks  by  that  sea  which  also  deposited  the  conglomerate  and 
associated  New  Bed  series. 

At  Broadfield  Down,  south  of  Bristol,Providence  Place,  near  Ashton, 
many  places  on  the  Mendip  Hills,  as  well  as  north-west  of  Bristol, 
along  the  west  side  of  the  coal-basin,  where  the  hydrous  oxides  of 
iron  are  worked,  the  broad  and  exposed  surfaces  of  the  limestone 
and  grits  are  planed  away  and  laid  bare ;  and  here  and  there  in  the 
depressions  pockets  occur,  the  remains,  or  remnants,  of  the  earliest- 
formed  portion  of  the  dolomitic  conglomerate.  So  also  with  the 
fissures  and  faults  which  are  usually  filled  with  the  magnesian 
breccia,  the  cementing  matrix  in  many  cases  being  the  brown  and 
red  hydrated  peroxides  of  iron  as  well  as  the  dolomites,  the  qualities 
and  quantities  of  the  ore  differing  with  the  matrix  or  rock  in  which 
it  occurs.  Doubtless  the  percolation  of  water  through  porous  over- 
lying strata  highly  charged  with  the  oxides  of  iron,  as  is  the  case 
with  the  New  Bed  series,  has  also  been  a  source  and  mode  of  accu- 
mulation ;  and  this  phenomenon  or  mode  of  production  is  now  in 
operation  along  the  lines  and  in  and  upon  the  walls  of  the  great 
Bam  Hill  and  associated  fault  that  traverses  the  northern  coal-basin, 
as,  notably,  at  Frampton  Cottcrcll. 

It  is,  however,  to  Clifton  that  my  paper  has  chief  reference,  as 
I  am  desirous  of  fixing  the  exact  position  of  the  locality  where  the 
rcaiains  of  Thecodontosaxirus  and  PaJcrosaurm  were  discovered  by 
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Messrs.  Riley  and  Stufcclibuiy  in  the  year  1836,  the  additional 
interest  now  attached  to  these  remains  being  due  to  fresh  re- 
Bearchos,  by  Prof.  Huxley,  into  the  history  and  distribution  of  tho 
Dinosamia  through  the  lower  Secondary  rocks  of  the  globe.  It 
therefore  becomes  a  matter  of  interest,  if  not  necessity,  to  fix 
the  geological  age  of  the  reptilian  remains — ^the  more  so,  in  this  case, 
on  account  of  the  numerous  opinions  held  by  Continental  and  Bri- 
tish geologists  as  to  the  exact  equivalents  of  this  conglomerate,  and 
its  place  in  the  Triassic  group. 

6.  Position  ik  timb  of  the  Bbptiliait  ob  Dolomitic  Conolombbatk. 

It  is  at  all  times  difficult,  if  not,  perhaps,  almost  impossible,  to 
assign  an  approximate  age  to  remains  found  in  an  extensive,  conti- 
nuously and  contemporaneously  forming  and  associated  conglomerate 
belonging  to  any  ago  or  deposit ;  it  is  especially  so  with  the  Dino- 
sauria  under  consideration  ;  and  whether  they  inhabited  any  certain 
or  given  area,  or  at  any  given  period  during  the  immense  lapse  of 
time  these  magnesian  breccias  were  under  accumulation,  is  a  pro- 
blem important  to  solve,  both  as  to  space  and  time, — the  first  as 
bearing  upon  the  habitat,  locality,  or  area  occupied  by  these  genera 
prior  to,  and  at  the  time  of  their  deposition ;  the  latter  as  affecting 
their  relation  to  that  particular  horizon  of  tho  conglomerate,  and 
the  assignment  to  these  remains  of  an  early  or  late  date  in  rela- 
tion to  tho  mass.  Two  great  periods  of  oscillation  and  associated 
phenomena  have  been  assigned  to  the  area  under  notice, — the  first 
a  downward  movement  of  the  palaeozoic  land  with  its  consequent 
loss  of  material,  which  must  have  commenced  after  its  consolidation 
and  elevation  to  the  position  it  occupied  at  the  time  the  New-Iled 
sea  began  to  denude  its  mass,  and  lasted  through  the  whole  of  that 
long  period  of  depression  which  was  sufficient  to  allow  of  fully 
1000  feet  of  New  lied  marl  and  sand  to  be  deposited  over  tho  de- 
pressed palaeozoic  rocks.  The  second  period  was  one  of  elevation, 
during  which  the  accumulation  of  the  first  period  was  again  partly, 
if  not  almost  entirely,  denuded  or  removed  (this  is  of  comparatively 
recent  date) ;  and  this  again  exposed  the  old  land-surfaces,  nearly  as 
we  now  see  them.  Certainly,  then,  at  some  period  during  the  depres- 
sion and  accumulation  of  the  dolomitic  conglomerate  these  reptilian 
remams  were  deposited;  audit  is  equally  certain  that  these  two 
genera  {1  hecodoyitosaurus  s^nd  Pahvosaurvus)  inhabited  the  area  or 
region  where  found. 

The  occurrence  of  these  Triassic  Dinosauria  at  the  elevation  of  300 
nn^.;!!i7^w?''T°t  sea-level,  and  on  the  general  tableland  now  oc- 
uTncf  •  fl  <-'^i'^oniferou8  Limestone,  and  apparently  that  portion  of 
vi latet  alot-  f^^  '^'%l''l^^^^  «-^  would  leadme  to infL  that  it 
I  ^sume  lis  f  ''^  ofthe  Kcupor  that  their  deposition  was  effected. 
occ~\?^' JT  ^^  ^^«erent  stages  and  relative  levels  now 
position  in  arne%?'lf'^^^^^  necessarily   elucidate  their 

elevation  I  ^^.^It.  ft""  '^  ^^P^^itiou.     The  whole  period  of 
leasuiod  by  the  successive  steps  and  stages  occupied  by 
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this  breccia  deop  under  the  plain  of  New  Red  (below  the  present 
sea-level)  and  overlying  the  coal-measures  of  the  Somersetshire  coal- 
pits. At  Clevedon  and  Portishead  it  now  fringes  the  sea-margin 
resting  on  Old  Red,  Carboniferous,  and  Pennant,  whilst  at  Clifton,  the 
Mendip  Hills,  the  north  part  of  the  coal-basin,  and  numerous  other 
spots,  it  occupies  intermediate  geographical  sites,  thus  dearlj 
showing  a  depression  and  reelevation  of  at  least  1000  feet.  Du- 
ring the  whole  of  this  amount  of  oscillation  and  accumulation  of  the 
Keuper  marls  and  sandstones  in  the  deeper  portions  of  the  sea,  the 
conglomerates  were  forming  along  the  margins,  shallows,  and  shores 
of  the  palceozoio  land.  These  Dinosauria,  then,  from  their  place  in 
time,  or  the  elevated  geographical  locality  they  now  occupy  (which 
in  this  case  is  a  measure  of  time),  would  appear  to  have  lived  during 
the  later  portion  of  the  deposition  of  the  Keuper ;  be  it  remembered, 
however,  that  we  have  no  proof  of  the  Bunter  beds  ever  having  been 
deposited  over  the  Bristol  area.  There  is  nothing  whatever  to 
show  that  these  Dinosauria  did  not  occupy  this  area,  and  live 
through  the  whole  of  the  Triassic  epoch.  The  chief  difficulty  is 
the  realization  of  the  affinities  of  these  reptiles  to  any  preexist- 
ing* forms  through  the  doctrine  of  evolution — as  well  as  the  area  or 
province  occupied  by  them,  or  from  which  they  may  have  mi- 
grated. The  question  becomes  one  of  the  distribution  of  dry  land 
during  Pnctriassic  time,  and  also  whether  that  land  was  occupied 
by  Dinosauriau  and  Laccrtilian  types  differentiated  through  descent 
during  the  lapse  of  time  that  occurred  or  was  represented  between 
the  Pala)ozoic  and  Mesozoic  epochs.  The  limited  area  occupied 
by  this  peculiar  conglomerate  over  the  Bristol  district,  and  the 
paucity  of  remains  occurring  in  it,  added  to  the  fact  that  thoso 
found  were  evidently  not  deposited  during  its  early  deposition 
or  history,  render  it  doubly  difficult  to  come  to  a  conclusion  or 
even  hypothesis  as  to  the  probable  distribution  of  these  Dinosauria 
in  time. 

7.  Zoological  Coiitbnts  oe  Fauna  op  the  Dolomitic  Conglomerate. 

With  the  exception  of  a  few  fossils  derived  from  the  Carboni- 
ferous Limestone  and  Millstone  Grit  *,  upon  which  the  conglomerate 
rests,  only  a  few  reptilian  bones  belonging  to  two  genera  have  been 
discovered  and  assigned  to  the  age  of  the  conglomerate.  These 
remains  were  first  noticed  and  described  by  Dr.  Riley  and  Mr. 
Samuel  Stutchbury,  of  the  Bristol  Philosophical  Institution,  in  the 
year  1836  f,  and  were  then  the  oldest  known  Dinosauria  in  Britain. 
These  authors  referred  them  to  two  reptilian  genera  Thecodontosaunts 
and  PaUBomurus,  noticing  their  Megalosauroid  affinities  through  the 
charaeters  of  the  vertebra)  and  femora.  Subsequent  examination  of 
these  remains  by  Prof.  Huxley  has  clearly  established  their  true 
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nature  and  affinities  mth  the  Dinosauria,  as  based  upon  oertaln 
parts  of  the  skeleton,  especially  the  "caudal  vertebrae,  chevron 
bones,  ilium,  and  tibia"  ♦.  These  two  genera  are  assigned  by  Prof. 
Huxley  to  two  distinct  families,  the  Megalosauridas  and  Scelido- 
sauridae — Palceosaurus  being  placed  with  the  Megalosauroid,  and 
Thecodontosaurus  with  the  Scelidosauroid  type. 

Their  remains  were  found  in  a  mass  of  dolomitic  conglomerate  on 
the  eastern  side  of  Durdham  Down,  near  Clifton,  Bristol.  The 
whole  being  in  a  very  fragment^iry  state,  as  might  be  anticipated 
from  the  nature  of  the  matrix  in  which  they  were  entombed,  the 
most  extreme  care  was  bestowed  both  upon  the  removal  of  the  dis- 
membered fragments  and  their  subsequent  development,  as  now 
exhibited  in  the  Museum  of  the  Bristol  Philosophical  Institution. 

The  spot  where  these  remains  were  found  is  no  longer  recognizable 
or  determinable,  having  been  many  years  ago  quarried  away,  and 
the  site  built  upon.  Portunately,  however,  we  have  records  of  the 
exact  position ;  and  many  years  since,  "VV.  Sanders,  Esq.,  F.R.S.,  of 
Clifton,  during  a  careful  geological  survey  of  the  city  of  Bristol  and 
its  suburbs,  undertaken  for  the  Inspectors  of  the  General  Board  of 
Health,  most  accurately  determined  the  site  of  the  reptilian  quarry 
on  the  eastern  side  of  Durdham  Down  (figs.  4  &  5). 

Pig.  4. — Section  from  Ihe  city  of  Bristol  to  the  ReptUtan  Quarry  on 
Durdham  Downy  320  feet  above  meun  sea-level,  showing  the  position 
of  the  Conglomerate  upon  the  Coal-measures,  Millstone  Grit^  and 
Carboniferous  Limestone,  and  the  Lias  resting  on  the  New  Bed 
Marls  and  Sandstoiie, 
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Fig.  5. — Section  from  the  city  of  Bristol,  across  Brandon  Bill,  260 
feet  above  the  sea,  to  the  BeptUian  Qttarry,  320  feet,  on  Dutxlham 
Down  in  the  Carboniferous  Limestone, 
N.W. 
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*  Quart.  Joiirn.  Gcol.  Soc.  vol.  xxri.  pp.  42-45. 
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Mj  friend  Mr.  Samuel  Stutchbnrj  many  years  ago  also  fumiahed 
me  with  the  accompanying  sketch  (fig.  6)  of  the  beds  of  congloroe-* 
rate  during  the  period  the  remains  were  being  removed. 

Fig.  6. — Position  of  Reptilia  in  the  Conglomerate  of  Durdham  Down, 

S.  N. 

Dumembered  Dolomitlo 

renuuna.  Congloment*. 


a,  CarboniferoiM  limestone. 

I  may  mention  that  several  of  the  bones  were  in  actual  contact 
with,  or  resting  upon,  the  carboniferous  limestone ;  whereas  others, 
and  the  majority,  were  or  distributed  between  one  and  two  feet 
above  the  junction  of  the  solid  brecciated  conglomerate  with  the 
limestone  below. 

The  bonlders  were  chiefly  subangular,  many  of  great  size,  and 
evidently  had  not  been  far  removed  from  their  parent  source  in  the 
Carboniferous  Limestone. 

It  was  quite  evident,  from  the  condition  and  position  of  the  re- 
mains in  the  breccia,  that  they  must  have  been  dismembered  prior 
to  their  final  deposition ;  for  many  of  the  bones  were  much  frac- 
tured. This  is  especially  the  case  with  a  lower  right  ramus,  which 
is  fractured  into  three  pieces ;  and  the  vertcbnc  in  some  instances 
are  much  worn  or  mutilated ;  so  with  the  coracoids,  tibia,  and 
fibula,  &c.  I,  however,  abstain  from  entering  into  any  particulars 
about  these  reptilian  remains,  and  refer  for  such  information  to  the 
researches  of  Prof.  Huxley  (/oc.  cit.). 

8.  Stbatioraphical  Kelatioks  op  the  DoLOMinc  or  Refttliak 

CONGLOUEBATE  TO  CoNTlNElTrAL  DEPOSITS. 

The  equivalence  of  this  peculiar  breccia,  outside  the  region  or  area 
to  which  it  appears  to  bo  confined,  is  not  a  matter  of  easy  solution 
even  in  our  own  country. 

Regarding  its  position  stratigraphically,  it  may  occnpy  the  place 
of  the  ITuschelkalk,  a  formation  wanting  (so  far  as  we  know)  in  the 
British  islands*.  In  time,  therefore,  it  may  bo,  and  probably  is,  the 
equivalent  of  this  missing  member  of  the  Trias ;  but  the  highly 
fossiliferous  condition  and  extensive  fauna  of  the  Muschelkalk,  as 
exposed  in  Northern  and  Central  Germany,  contrasted  with  the  bar- 
renness of  this  conglomerate,  and  perhaps  also  of  the  calcareous 
breccia  and  conglomerate  of  the  ^lidland  Counties,  afford  us  no 

♦  TLcBuntcr  aeries  docs  not  ay  pear  to  Lave  been  depcsitcd  in  the  Bibtol  area. 
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real  due  for  correlation  on  palaBontological  grounds — aiBnitj  only, 
through  a  few  species  in  that  richly  peopled  sea,  heing  shown  by 
our  succeeding  liho^tio  beds. 

It  is  not,  however,  without  interest  that  we  sJwidd  reexamine  tko 
Sutton,  Portcaul,  Bendriok,  and  Barry  beds,  on  the  coast  of  Glamor- 
ganshire, where  St.-Cassian  and  Muschelkalk  types  occur  in  a  white 
calcareous  breccia  or  conglomerate  resting  immediately  upon  the 
Carboniferous  limestone  and  below  the  zones  of  Ammonites  angu- 
latiis  and  A.  pJanorhis, 

The  Madreporaria  are  truly  significant,  and  of  high  Mesozoio* 
antiquity,  even  admitting  the  great  vertical  range  or  persistency  of 
many  St.-Cas.sian  corals  in  time  and  their  diffusion  in  space. 

Chrorologically,  however,  we  have  much  to  learn  relative  to  the 
true  succession  and  correlation  of  the  Triassic  and  llhtetic  scries  of 
this  country  with  reference  to  that  of  Western  and  Central  Europe. 

On  jmrely  physical  grounds  we  have  also  much  to  do  ere  we  can 
attempt  to  parallel  the  Muschelkalk  (Calcaire  Coquillicn)  with  beds 
in  the  western  or  midland  counties  of  England,  although  wo  may 
attempt  it,  and  look  for  its  equivalent  in  the  cjlcareous  breccia  or 
coiiglomcrato  at  the  top  of  the  Bimter,  and  base  of  tho  Keupcr 
bcries  in  the  centre  of  England — the  position  in  time  held  by  the 
dolomitic  or  reptilian  conglomerate  of  the  Bristol  area. 

That  the  calcareous  breccia  above  mentioned  should  be  classed 
with  the  Keupcr  rather  than  the  Bunter  is,  I  think,  clearly  esta- 
blished. 

The  chief  explanation,  however,  of  the  probable  reason  of  the 
absence  of  the  Muschelkalk  in  Biitain  would  appear  to  be  the  received 
fact  that  tho  "  close  of  the  Bunter- Sandstone  period  in  England 
was  accompanied  by  a  general  elevation  into  dry  land  of  the  whole 
of  tho  Triassic  area,  in  which  condition  it  remained  throughout  the 
period  of  the  Mus(;helkalk"*, — this  gap,  unconformity,  or  break  in 
the  British  series  of  tho  Trias,  being  represented  on  the  Continent 
by  tho  highly  fossilifcrous  *'  calcaire  coquillicn,"  or  Muschelkalk. 

Mr.  Hull  throws  out  the  suggestion  t  that  tho  St-Cassian  beds, 
which  contain  so  large  an  assemblage  of  organic  remains,  both  of 
Palteozoic,  Mesozoic,  and  peculiar  forms,  in  somewhat  abnormal 
positions,  because  there  is  still  some  uncertainty  regarding  their 
aflinitics  to  tho  British  scries,  may  not  improbably,  in  different 
portions,  *•  represent  a  continuous  series  of  calcareous  deposits, 
representing'  both  the  Permian,  Triassic,  and  Bhaetic  beds  of 
England." 

The  absence,  however,  in  the  dolomitic  conglomerate  of  tho  Bristol 
area,  of  all  organic  remains  except  the  two  genera  of  Dinosauria, 
and  those  at  present  confined  to  it,  forbids  all  attempts  at  correla- 
tion based  upon  palaeontological  research. 

*  Hull,  Mem.  Geol.  Surv.  England  nnd  Wales,  "  Trias,  and  Perm.  Kecks  of 
tho  Midland  Counties,"  1869,  p.  106. 
t  lb.  p.D. 
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9.  Table  or  the  Classificatioiv   of  the  British  Trta^  akb  m 

F0BEIG5  EqFITALEHTS^  FBOII  THE  KbJETIC  SERIES  DOWKWARPS. 


Yotrign 
rqiUTmlfnIi. 

fAl.  Bhietic,  or  Pennarih  bedi,  finely  exposed  si  Pennarth,  ]  ^1*  ir  - 
Watcshelt,  WMtbury,  Aiut-paawgo,  »^-»'*"  ^-  '  ^*®  *^*' 
lode,  Coombc  Hill,  &c.  &c. 


'•iDie 


Uphill.  Min-    --— 


Keupcr. 
Mames  Iri- 


A  2.  New  Bod  Marl.  Bed  Marls  with  bands  of  grey  marl^'  ^ 
cky,  oooanonallj  micaceous,  and  numerous  lenti- 
cular masses  and  Teinsof  Gypsum  and  Bock  Salt  *. 
BiralTe  Crustacea (£jR/A^m).  Bhizopvxia  in  Leioeiiter- 
shire,  at  the  base,  at  its  junction  witli  tho  Keuper 
Sandstone. 

A  3.  Keuper  Sandstone.  I^iniinated  Sandt^tone,  and  inter-  ^ 
stratified  Marls  (water-stones),  pa£«ing  down  into 
(yariously  coloured)  pale  and  doep-red  Sandstones. 
In  the  centre  of  England  it  has  a  ra/carcous  anujlo- 
merate  or  breccia  at  the  bate.  In  the  west  of  Eng-  }- Lctten-Kohle. 
land  this  appears  to  be  replaced  or  represented  in 
time  by  the  Dolomitic  or  Dinosaurian  conglomerate 
whieh  covers  the  oMer  rocks  of  Utc  Brihtul  coal- 
basin. 

B.  Musehelkalk  or  Calcaire  coquillien(?\  wantinnrin  Eng- "j  Mu.schclkalk. 
land,  unless  represented  by  the  Dolonatio  Conglo-  I  Calcaire  co- 
merate.  J      quiUien. 

C  1.  Upper  Mottled  Sandstone.    Soft  bright- red  and  varie-  "^ 
gated  sandstones  (without  pebbles). 

C  2.  Pebble-beds.  Harder  rcddi-^li-brown  s<'indstone,  with 
quartzose  pebbles,  pas^sing  into  conglomerate,  with 
a  base  of  calcareous  breccia. 


C  3.  Lower  Mottled  Sandstone.    Soft  bright-red  and  Ta- 

ricgated  sandstones  without  pebbles.  J 

Permian. 


Bunter  Sand- 
stein.    Ores 
bigarre,  or 
Ores  des 
Vosges  (in 
part;. 


DiSCFSSIOK. 

The  President  inquired  on  what  ground  tho  author  considered 
these  Keptiles  to  belong  to  a  late  period  in  tho  Keupcr,  and  was 
informed  that  tho  author  spoko  especially  with  relation  to  the 
Keuper  of  the  Bristol  area,  of  which  tho  beds  containing  them 
occupied  the  highest  position. 

Prof.  Ramsat  regarded  these  conglomerates  not  merely  as  of 
aqueous  origin,  but  as  breccias  which  had  covered  the  old  land  surface 
which  had  been  worked  up  by  the  water  of  the  New  lied  period. 
He  objected  to  the  term  Sea  having  been  introduced  into  tho  paper, 
as,  though  the  tracts  may  hare  been  islands  and  promontories,  and 
though  the  water  which  surrounded  them  was  salt,  there  was  no 
open  sea,  but  merely  a  large  inland  salt  lake,  in  which  the  New 
Bed  Marl  was  formed.  The  marl  was  less  connected  with  the  New 
Bed  Sandstone  than  with  the  Lias.  The  Musehelkalk  being  absent, 
*  None  in  the  Bristol  area. 
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it  was  constantly  the  case  that  the  marl  rested  immediately  on  the 
palseozoic  rocks  without  the  intervention  of  the  Bunter  Sandstone. 
He  thought  that  there  were  good  grounds  for  connecting  the  Khsetie 
heds  with  the  New  Red  Marl  below  and  tho  lias  above.  The  pro- 
bability was  that  the  change  in  character  was  due  to  a  gradual 
influx  of  the  sea  into  the  inland  lakes.  He  thought  that  the  Theco- 
dont Saurians  might  also  eventually  be  found  even  in  beds  of 
liassic  age. 

Prof.  T.  Rupert  Jokes  remarked  that  Mr.  Tawney  and  Dr.  Duncan 
had  already  intimated  the  St.-Cassian  aspect  and  character  of  the 
Sutton  beds.  The  freshwater  character  of  some  of  the  Keuper  beds 
was^  he  remarked,  indicated  by  the  presence  of  Estheriof ;  and  he 
alluded  to  the  fact  of  the  Bristol  Paheosaurians  having  been  erro- 
neously used  as  Permian  characteristics  in  Bussia  and  Carolina. 

Mr.  "W.  BoTD  Dawkins  had  found  at  Cheddar  that  the  Dolomitic 
Conglomerate  formed  two  great  tongues  running  up  ravines  in  the 
older  rock,  which  had  probably  been  due  to  subaerial  action. 

Prof.  Morris  alluded  to  some  sections  which  seemed  to  corrobo- 
rate the  views  of  Mr.  Etheridge,  and  pointed  out  the  relation  of  the 
Conglomerate  beds  to  the  overlying  strata  at  those  points.  He  also 
mentioned  certain  peculiarities  in  the  structure  of  the  conglomerate 
itself. 

Mr.  Ethertdoe  stated  in  reply  that  the  Marls  in  the  Bristol 
area  were  the  exception,  the  greater  part  of  the  New  Bed  beds 
being  sandstone. 


2.  On  the  Surface-deposits  in  the  NEionBOURuooD  of  Rugby.  By 
J.  M.  Wilson,  Esq.,  M.A.,  F.G.S.,  Mathematical  and  Natural- 
Science  Master  in  Rugby  School,  late  Fellow  of  St.  John's  College, 
Cambridge. 

I  BELIEVE  no  detailed  information  about  the  surface-deposits  in  the 
neighbourhood  of  Rugby  has  been  communicated  to  this  or  to  any 
Society ;  and  I  therefore  offer  tho  foUo^ving  observations,  which  fall 
under  two  heads : — 

(1)  The  surface-deposits  of  the  high  levels. 

(2)  The  deposits  in  the  valleys. 

In  the  present  paper  I  confine  myself  strictly  to  facts  for  which 
I  hold  myself  responsible  as  resting  on  my  own  observation,  or  on 
information  obtained  on  the  spot  on  which  I  can  rely. 

Physical  Geography, 

There  is  a  plateau  of  irregular  shape,  of  which  the  southern  edge 
is  well  defined,  on  which  tho  villages  of  Bourton,  Thurlaston,  Dun- 
church,  and  Hillmorton  are  placed.  From  this  line,  which  faces 
S.S.E.,  tho  eye  ranges  over  the  wide  valley  of  Birdingbury,  Gran- 
borough,  and  WiUoughby.  The  height  of  the  plateau  above  the 
level  of  the  valley  is  about  120  feet.     The  plateau  has  a  slight  slope 
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towards  tho  N.N.W.  The  heights  of  points  nearly  equidistant  along 
the  Hillmorton,  Dunchnrch,  and  Ayenne  roads  are  in  succession 
403,  400,  400,  400,  392,  375,  370  feet  above  the  sea,  indicating  a 
slope  westward,  while  the  heights  396,  382,  378,  355,  on  the  Dun- 
church,  Kugby,  and  Clifton  roads,  indicate  a  still  more  decided 
slope  towards  the  north. 

The  southern  edge  of  this  plateau  is  well  defined.  The  north- 
eastern  edge,  which  forms  the  southern  flank  of  the  Avon  valley,  is 
less  regular,  though  nearly  equally  steep.  It  is  broken  by  a  suc- 
cession of  lateral  valleys  which  coutain  tributaries  to  the  Avon. 
The  village  of  Lowmorton  occupies  such  a  lateral  valley ;  another 
is  crossed  by  the  Lo^vmorton  and  Rugby  road ;  and  an  important 
valley  is  crossed  at  the  Yictoria  works  near  Rugby,  and  by  the 
Bilton  road  between  Rugby  and  Bilton. 

Nature  of  the  suhjacetxt  Strata* 

The  whole  of  tho  district  under  examination  is  Lower  lias,  with 
the  exception  of  a  few  patches  of  Middle  lias  towards  the  south- 
east. The  limestones  and  clays  of  the  Lower  Lias  are  well  developed, 
and  abundantly  exhibited  in  largo  lime-  and  clay-works;  and  an 
admirable  section  of  them  has  been  the  only  profitable  result  of  an 
artesian  well  of  1145  feet  depth.  The  lie  of  the  hills  and  valleys 
appears  to  be  totally  independent  of  the  distribution  of  the  clays 
and  limestones ;  the  limestones  do  not  form  the  escarpments,  nor  do 
tho  days  determine  the  paths  of  the  rivers ;  the  geological  skeleton 
and  the  actual  contour  have  no  obvious  and  immediate  connexion 
with  one  another. 

Detailed  Account  of  the  Surface-deposits  on  the  Rugby  Plateau. 

At  Bourton  the  soil  is  generally  gravel  and  sand  like  that  at 
Rugby,  12  or  13  feet  in  tliickncss,  reposing  on  clay.  At  about 
30  feet  depth  the  limestone  rock  is  reached.  Tliis,  as  is  pretty 
obvious  from  an  inspection  of  the  map,  and  a  knowledge  of  the 
general  strike  of  tho  strata,  is  tho  continuation  of  tho  Xewbold 
limestone,  and  it  does  in  fact  come  to  the  surface  at  the  foot  of  the 
escarpment  at  Dray  cote,  immediately  below  Bourton.  One  well  at 
Bourton  is  90  feet  deep,  60  feet  of  it  being  in  the  rock. 

The  same  general  character  continues  along  the  escarpments  to 
Thurlaston,  which  village  rests  on  gravel  of  tho  same  or  greater 
thickness.  In  two  places,  however,  there  arc  wells  50  deep  feet, 
which  of  course  indicate  that  the  depth  of  the  gravol  there  is  insuf- 
ficient to  supply  the  surface-wells  with  wat«r.  At  Thurlaston  the 
]imestone  rock  is  not  reached ;  some  thin  bands  of  it  which  lie  inter- 
stratiiied  with  the  clay  arc  passed  through. 

At  Dunchurch  the  surface-deposits  are  precisely  the  same.  I  have 
not  been  able  to  hear  of  any  deep  wells.  The  gravel  and  sand  are 
generally  about  13  feet  deep.  At  Mr.  Harrison's  house,  on  the  brow 
near  Bilton  Grange,  there  are  three  wells — two  in  gravel,  of  13  and 
14  feet,  and  one  in  clay,  of  30  feet.     At  Bilton  Grange  the  depth  of 
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the  grayel  varies  much,  from  6  .feet  upwards ;  aud  all  the  way  to 
Hillmorton  the  same  remark  is  true.  On  the  whole  it  deepens  to- 
wards Hillmorton ;  but  an  inspection  of  the  ponds  shows  that  there 
are  many  places  where  the  clay  nears  the  eurfaeo. 

At  Hillmorton  we  come  upon  the  most  interesting  spot  in  the 
whole  neighbourhood.  The  gravel  along  the  upper  road  averages 
14  or  15  feet,  thinning  out  on  the  slopes  on  all  sides.  At  the  toll- 
gate,  on  the  slope  leading  to  Kilsby,  it  is  8  feet.  At  Mr.  Darnell's, 
which  is  at  the  head  of  the  little  lateral  valley  leading  to  Low 
Morton,  it  is  13  feet.  At  the  Hillmorton  clay-pits  it  can  be  seen  to 
thin  out  down  the  slope  of  the  hill  from  6  to  3  feet  or  less.  In 
sinking  Mr.  Dameirs  well,  there  was  found  below  the  gravel  a  stiff 
sandy  soil,  wet,  with  streaks  of  white  and  red  clay,  then  a  stiff 
blue  clay  containing  chalk-pebbles,  3  or  4  feet  in  thickness,  and 
finally  blue  lias  clay  containing  nodules  of  limestone.  The  largest 
of  the  chalk-pebbles  was  about  1|  inch  round.  The  well  was  sunk 
42  feet,  and  the  boring  continued  62  feet. 

The  groiind  slopes  on  all  sides  down  to  the  narrow  valley  in  which 
Lowmorion  stands;  the  street  that  leads  to  Hillmorton  occupies 
nearly  tho  whole  width  of  the  vaUcy.  The  gravel  thins  out  down, 
the  slope,  and  entirely  disappears  just  above  the  lower  village ;  tlio 
surface-soil  there  rests  on  undisturbed  Lias  clay.  On  the  sides  and 
bottom  of  the  valley  are  very  large  accumulations  of  sand,  which 
form  perhaps  the  most  striking  feature  in  this  neighbourhood. 

On  the  left-hand  side  of  the  valley  is  a  large  sand-pit  with  a  clay- 
pit  just  above  it.  In  the  upper  pit  flinty  drift  is  seen  to  overlie 
interstratified  sands  and  gravcl-bcds  to  a  depth  of  about  10  feet. 
The  lower  sands  are  not  distinguishable  from  the  sands  of  the  sand- 
pit, with  which  they  are  evidently  continuous.  There  are  here 
several  small  faults  in  the  sand :  I  ascertained  by  excavation  that 
they  passed  down  into  stiff  reddish  greasy  clay  that  lies  under  tho 
sand  and  over  the  Lias  clay.  »Seams  of  the  same  clay  are  found  in 
the  upper  part  of  the  sand-pit.  The  sand  has  a  thickness  of  at  least 
47  feet,  and  is  thrown  against  a  remarkably  steep  bank  of  Lias  clay. 
This  must  have  a  slope  of  not  less  than  45°. 

The  Sand-int  forms  an  amphitheatre  47  feet  in  height.  It  is  a 
sugary  dirty  sand  containing  about  6  per  cent,  of  chalk  and  scsqui- 
oxide  of  iron,  according  to  an  analysis  made  by  Mr.  W.  H.  Pike  in 
the  School  laboratory.  The  sand  is  stratified,  and  contains  a  few 
thin  layers  of  black  carbonaceous  matter  resembling  coal.  It  con- 
tains a  few  small  pebbles  of  flint  and  quartzite ;  and  in  the  streaks  of 
faiQ  clay  are  nodules  which  contain  some  lime  and  a  few  rolled  spe- 
cimens of  Gryphcea  incurva. 

The  sand  skirts  the  whole  northern  edge  of  the  plateau  before 
spoken  of,  and  is  shown  at  the  cutting  on  the  Rugby  and  Lowmorton 
road.  It  extends  about  half  a  mile  towards  Eugby,  thinning  out 
up  the  slope,  where  the  clay  comes  to  the  surface.  At  Low  Morton 
itself  the  valley  is  filled  in  its  lower  part  with  sand,  and  the  east  as 
weU  as  the  west  slopes  have  large  sand-banks.  In  some  places  it  is 
exposed,  covered  with  clean  flinty  gravel.     But  it  is  best  exhibited 
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in  the  Baliast-pits.  Tho  cliff  to  the  west  exposes  a  fine  section  of 
the  prevailing  flinty  drift  overlying  this  sand.  The  edge  of  a  terraco 
visible  there  is  the  same  steep  slope  of  Lias  that  was  spoken  of  above. 
Masses  of  clay  still  lie  about  the  ballast-pits.  These  formerly  overlay 
the  sand  in  detached  spots.  They  are  re-formations  of  Lias  containing 
pebbles  of  lias,  oolite,  and  chalk,  with  many  flints  and  much  quartzito ; 
some  of  the  pebbles  are  striated.  There  was  one  heap  of  clay,  a 
yard  or  so  across,  which  yielded  totally  different  siwcimens,  and 
perplexed  me  much.  I  found  afterwards  th.'it  it  had  been  brought 
for  some  reason  from  beyond  Blisworth. 

The  sand  here  frequently  exhibits  diagonal  stratification  ;  it  con- 
tains small  pebbles  of  flint,  oolite,  chalk,  quartzite,  and  rolled  Lias 
fosdils.  I  have  been  informed  that  Mr.  Searles  Wood  found  O^trea 
tflidis  here.  Many  of  my  pupils  and  I  have  spent  hours  hero ;  and 
no  shells  or  bones  have  ever  been  discovered  bj*  us,  or  notictnl  by 
any  workmen,  as  far  as  I  can  ascertain. 

From  Btiyhij  to  Lowmorton  thero  is  generally  13  feet  of  gravel 
lying  on  clayey  sand.  Towards  the  northern  edge  of  the  plateau  tho 
gravel  thins  out ;  and  here  a  cutting  of  the  Jjondon  and  North-western 
oflers  a  magnificent  section  of  the  clays  below  tho  gravel  and  sand. 
The  cutting  is  50  feet  in  depth,  and  exposes  a  re-formation  of  lias 
clay  containing  scratched  stones.  I  have  met  with  well-striated 
blocks  of  liassic  limestone,  of  chalk,  and  flint.  The  clay  is  wholly 
unstratified,  very  soft  and  wet.  The  whole  depth,  except  a  few  feet 
of  gravel  and  sand  at  the  top,  appears  to  be  of  the  same  nature. 

The  deposit  disappears  before  we  come  to  the  station,  which  rests 
on  lias.  Higher  up  the  slopo  of  the  liill  is  found  a  bed  of  sand 
which  rests  on  the  Lias,  and  extends  up  to  the  gas-works,  where  tho 
gravel  begins. 

We  now  come  to  Rugby  itself,  which  is  on  an  arm  of  the  plateau 

at  first  described.     It  illustrates  very  well  the  singular  varieties  in 

the  distribution  of  the  sand  and  gravel.     Along  the  HUlmorton  road 

is  gravel,  varying  in  depth  from  7  to  13  feet,  generally  mixed  with 

sand.     The  School-close  is  of  tho  same  nature  ;  so  also  is  the  eastern 

side  of  the  town  down  to  the  George  Hotel,  where,  however,  the 

gravel  is  thin,  and  water  is  obtained  from  a  well  GO  feet  deep, 

reaching  the  rock.     In  tho  slope  towards  tho  station  the  gravel 

becomes  thinner.     Towards  the  west  of  the  town  we  find  sand. 

Billington's  is  on  sand  23  feet  thick,  St.  Matthew's  church  on  sand 

20  feet  thick ;  by  the  side  of  the  road  to  Newbold  tho  hill  is  capped 

with  deep  sands,  the  lower  part  of  which  is  saturated  with  water. 

Generally  on  the  south  of  the  Bilton  road  there  is  sand ;  but  at  several 

houses  on  the  north  there  are  gravel  and  clay.     There  are  many 

curious  varieties  in  the  town  within  a  few  yards  of  one  another. 

Continuing  on  the  edge  of  the  plateau  we  meet  with  a  sand-pit  on  the 
way  to  Newbold  {fi^.  1 ).  Much  of  the  sand  is  now  removed.  Thero 
ased  to  be  exposed  a  face  of  sand  of  precisely  tho  same  character  as 
that  at  HiUmorton — sugaiy,  dirty,  sti  atilied  partially,  containing  few 
(if  any)  pebbles,  and  marked  with  a  few  black  seams.  It  was  covered 
With  a  foot  or  two  of  the  usual  flinty  drift.     Lower  down  the  slope 
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it  was  thinner,  and  reposed  on  undisturbed  Lias  day.  There  appears, 
however,  to  have  been  somewhere  here  a  patch  of  re-formed  clay  and 
scratched  stones,  as  my  pupils  J.  B.  Alexander  and  C.  S.  Taylor  and 
I  frequently  found  stones,  apparently  glaciated,  in  this  pit,  but  could 
never  find  them  in  situ.  There  used  to  be  the  appearance  of  the 
sand  graduating  into  the  ordinary  drift. 

Fig.  1. — Section  in  Bughy  Pit, 


^immxf^^-^^ 


^^ €j& 


a.  Dria,  2  feet.    b.  Sand,  4  feet.     c.  Brown  clay  with  chalk  pobbl«». 


Very  near  this  is  the  New-Bilton  Pit.  Here  the  gravel  is  from 
6  to  10  feet  in  thickness,  deepening  towards  the  hill.  The  gravel  is 
in  some  places  very  rudely  and  imperfectly  stratified.  The  rounded 
quartzose  pebbles  lie,  in  one  section  at  least,  but  not  universally,  with 
^eir  long  axes  vertical.  The  surface  soil  is  easily  separable  from 
the  drift.  The  remarkable  feature  at  New  Bilton  is  the  inequality 
of  the  level  of  the  clay.  It  is  lias  clay,  and  contains  pebbles  only 
just  imbedded  in  its  surface ;  but  it  is  extraordinarily  uneven,  some 
ridges  rising  5  or  6  feet  in  height  and  overhanging  their  bases,  as  in 
the  accompanying  sketch  (fig.  2).     The  gravel  lies  in  basins  and  in 

Fig.  2.-^Secti<m  at  New-Bilton  Pit. 


,.^.0md^^ 


10  ft.  J 


*  ''*\ '";  ''**'*t '  •  * 


a.  Surface  Boil.       b.  Flints  and  sandy  drift.       c.  Lias  clay, 
fiirrows  in  the  clay.     Occasionally  detached  portions  of  the  day,  or 
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what  seem  to  be  detached,  are  seen  in  the  gravel ;  but  I  have  never 
been  certain  of  a  single  case  of  detachment.  Stones  are  found  im- 
bedded in  the  upper  and  under  surfaces  of  the  clay,  notably  the 
latter ;  I  have  found  no  striated  stones  here.  The  drift  is  of  the 
usual  character — quartzose  pebbles  and  grits,  and  flints,  in  about 
equal  quantities,  and  sand,  which  lies  sometimes  in  patches.  Some 
of  the  stones  here  are  large,  one  or  two  feet  in  circumference. 

Continuing  to  skirt  the  plateau  we  come  next  to  that  arm  of  the 
hill  which  runs  between  the  Lawfovd  and  BlUon  roads.  By  the  side 
of  the  road  from  Old  Bilton  to  New  Bilton  is  an  excavation,  in  the 
upper  part  of  which  sand  is  worked,  and  in  the  lower  clay.  The 
sand  caps  the  hill,  and  is  of  the  usual  character ;  it  is  overlain  by 
a  remarkable  deposit  about  5  feet  thick  where  it  is  now  exposed, 
consisting  of  marly  clay,  with  pebbles  very  evenly  interspersed 
through  its  whole  thickness.  The  most  frequent  arc  chalk;  and 
these  are  generally  well  striated.  The  clay  is  in  some  cases  suffi- 
ciently mingled  with  sand  to  allow  of  the  percolation  of  water ;  and 
in  consequence  the  chalk  is  here  in  a  state  of  powder.  There  is  a 
block  of  syenite  of  considerable  size  lying  on  the  surface  there,  and  a 
still  larger  block,  weighing  several  hundred  pounds,  of  grit,  smoothed 
and  striated  longitudinally. 

The  clay  with  chalk  pebbles  is  very  partial  on  this  hill,  as  far 
as  I  know ;  but  the  sand  continues  along  the  brow  of  the  hill  to 
Eugby. 

The  Dtinchurch-Road  Pit,  higher  up  the  same  side  valley,  and  on 
the  same  side  of  it,  offers  a  very  instructive  section.  In  March 
1869  there  was  exposed  a  face  of  undisturbed  Lower  Lias  clay,  con- 
taining a  few  ammonites,  «&c. ;  on  it  rested  a  stiff  brown  clay  con- 
taining many  stones,  but  principally  blocks  of  chalk.  I  obtained 
grit  (sometimes  in  large  blocks ;  one  was  2  feet  long  and  1  foot 
9  inches  broad  and  high).  Oolitic  blocks,  Lias,  many  flints,  and 
quartzito  pebbles.  The  chalk  is  found  in  pieces  of  all  weights,  from 
1  cwt.  down  to  dust,  the  particles  of  which  can  only  be  detected 
by  a  microscope.    All  the  larger  pebbles  are  grooved. 

The  sand  is  slightly  stratified,  siigary,  and  contains  grains  of 
chalk  universally.  In  some  places  crumbling  pieces  of  chalk  can 
still  be  seen.  Mr.  Pike  reports  that  12|-  per  cent  of  an  average 
specimen  consisted  of  carbonate  of  lime  and  sesquioxide  of  iron. 
Above  the  sand  is  the  usual  flinty  and  quartzose  drift,  here  thin, 
but  higher  up  the  hill  successively  6,  10,  and  13  feet  thick.  The 
drift  is  entirely  wanting  a  little  lower  down  the  slope.  The  surface 
of  the  Boulder-clay  here  is  very  uneven ;  of  the  Lias  clay  generally 
even. 

The  next  arm  of  the  same  plateau  is  that  on  which  Bilton  stands. 
This  closely  resembles  the  rest.  At  the  vicarage  at  Bilton  is  2  or 
3  feet  of  gravel  and  then  23  feet  of  sand,  this  being  on  the  slope  of 
the  hill ;  at  the  top  is  13  feet  of  gravel  over  day.  Near  the  Blue 
Boar,  at  Causton,  and  elsewhere  in  the  neighbourhood,  we  meet  with 
from  5  to  15  feet  of  gravel,  resting  on  clay  with  pebbles  and  sand, 
and  finally  on  Lias  clay.     Towards  Frankton  and  Church  Lawford 
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the  gravels  arc  considerably  thinner.  The  surface  of  the  day  all 
over  this  plateau  is  said  to  be  extremely  uneven,  like  the  waves  of 
a  sea. 

Shetch  of  the  Surface-dejyonifs  on  the  surrounding  High  Lands. 

I  will  now  take  a  less  detailed  survey  of  the  high  lands  that  sur*- 
round  this  Rugby  plateau,  and  are  separated  from  it  by  the  valley  of 
Eainsbrook  on  the  south,  and  by  the  Avon  and  its  tributaries  on  the 
north  and  cast. 

Barhy  hill,  to  the  south  of  Rugby,  is  capped  with  marlstone. 
There  are  no  sandbeds  or  deposits  of  day  with  iwjbbles,  that  I  can 
find ;  the  wcUs  are  fed  by  surface-drains  alone. 

At  Kihhy,  however,  there  is  the  same  clay,  with  chalk  pebbles, 
that  has  been  already  described,  and  large  beds  of  sand.  This  is 
high  ground,  the  level  of  the  rails  at  the  entrance  to  the  tunnel 
being  about  370  feet  above  the  sea.  The  clay  is  very  stiff,  30  feet 
thick,  and  rests  on  sand.  One  of  the  sand-beds  at  Xilsby  is  well 
known  from  the  trouble  it  gave  when  the  tunnel  was  being  made. 
About  200  yards  from  the  south  end  of  the  tunnel,  clay  40  feet  thick 
rests  on  sand,  which  is  saturated  with  water,  and  extends  to  great 
distances  on  each  side  of  the  tunnel.  It  was  with  the  greatest  diffi^ 
culty  that  the  tunnel  was  constructed  through  and  under  it ;  for  the 
water  seemed  to  be  inexhaustible. 

At  Crich  the  gravel  rests  on  Lias,  and  the  same  at  Yehertoft, 

At  Shawell  is  a  well  70  or  80  feet  deep,  which  passed  in  succession 
through  gravel,  clay  with  stones  and  chalk,  and  at  the  bottom  reached 
a  bed  of  sand  in  which  water  was  found  abundantly. 

At  Swinford  the  gravel  is  about  10  feet  thick,  and  rests  on  com- 
pacted and  cemented  gravel. 

At  Catthorpe  we  find  the  same  gravel,  clay  with  chalk,  and  sand 
that  we  have  already  met  with  so  often. 

At  Clifton  the  wdls  va^y  from  16  to  40  feet ;  at  Mr.  Newall's 
house,  on  the  brow  of  the  hiU  looking  towards  Rugby,  a  well  and 
boring  were  made  which  showed  12  feet  of  gravel,  and  80  feet 
of  day  with  pebbles  of  chalk,  sand,  and  finally  Lias  clay.  The 
railway-cutting  is  here  sufticiently  deep  just  to  enter  the  day  with 
chalk-pebbles.  They  are  best  seen  in  the  drains  on  each  side  of  the 
line.  The  i)ebbles  are  well  striated.  Pebbles  of  Oolite  and  Carbo- 
niferous limestone  and  grit  are  found  in  the  sand  here. 

At  Newton  the  gi-avel  is  thin,  resting  on  clay  with  pebbles ;  at 
40  feet  the  sand  is  reached. 

At  Brownsover  the  sand  resembles  that  at  HiUmorton,  and  ifl 
40  feet  deep.  Nearer  the  mill,  on  the  slope  of  the  hill,  the  well- 
sinker  reports  that  he  made  a  boiing,  preliminary  to  the  building  of 
a  house  tliere,  in  which  he  bored  60  feet  through  clay  with  pebbles, 
but  that  he  reached  no  sand,  and  obtained  no  water. 

At  Chtirchover  6  feet  of  gravel  rests  on  36  feet  of  similar  clay 
with  pebbles. 

At  Voile's  faiTD,  near  Coton  House,  a  boring  of  150  feet  passed 
through  a  few  feet  of  gravd  and  Lias  clay  to  the  limestone  rock. 
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At  Lutterworth  the  sand  and  coarse  gravel  is  40  feet  thick. 

At  Harhorough  Magna  the  sand  and  gravel  are  70  feet  thick ;  and 
about  a  mile  from  the  village  one  wdd  was  simk  90  feet,  through 
gravel,  day  with  pebbles,  and,  finally,  sand. 

In  the  railway-cutting  between  Brownsover  and  Newbold,  on  the 
Bngby  side  of  the  canal,  is  sand  mixed  with  loam  containing  flint, 
syenite,  and  various  kinds  of  quartzite.  Beyond  the  canal  are  stri- 
ated stones  of  various  kinds,  chalk  and  syenite  in  similar  sand, 
which  is  there  seen  to  rest  on  rudely  stratified  clay  with  chalk 
pebbles,  below  which  are  other  deposits  of  sand.  Near  the  canal 
here  is  a  patch  of  re-formed  lias  clay,  with  abundant  blocks  of 
striated  Lias  limestone,  but  no  chalk. 

At  EaMiihaU  the  gravel  is  deep  and  very  wet. 

At  Neumham  gravel  is  almost  wanting. 

Genieral  Suxha&t  of  this  Subfacb  Dv  posits. 
Deposits  on  the  high  Lands. 

It  appears,  then,  that  on  the  Rugby  plateau,  and  on  the  similar 
high  kmds  in  the  neighbourhood,  the  Lias  is  generally,  but  not  uni- 
versally, capped  with  three  kinds  of  supei^dal  deposits.     These 


1.  The  flinty  and  quartzose  drift. 

2.  Sugary  sand  with  grains  of  chalk. 

3.  C?lay  with  pebbles,  principally  of  chalk,  distinctly  striated. 

Of  these  2  and  3  are  generally  found  together,  and  either  may 
lie  on  the  other ;  1  lies  over  both,  and  is  never  found  below  either ; 
2  and  3  are  never  found  in  any  thickness  except  where  lying  on 
the  dopes  of  the  hills,  and  they  follow  the  steep  slopes  of  the  valleys 
with  great  pertinadty ;  1  is  found  prindpally  on  the  high  levels, 
thins  out  everywhere  down  the  slopes,  and  never  reaches  the  bottom 
of  the  valleys ;  3  is  similarly  entirdy  wanting  in  the  valleys,  as 
far  as  at  present  ascertained ;  2,  or  a  modification  of  it,  is  found  in 
one  valley. 

Deposits  in  the  VaUegs, 

The  vaUeys  in  this  neighbourhood  are  of  various  widths,  some- 
times widening  out  into  broad  plains,  at  others  very  narrow  with 
steep  dopes.  There  are  two  systems  of  valleys  divided  by  the  Bugby 
plateau — ^the  valley  of  the  upper  Avon  on  the  north,  and  that  of  the 
Leam  on  the  south.  The  bottom  of  the  valley  is  generally  a  narrow 
strip  of  alluvid  soil,  bordered  by  sand  in  some  places,  by  drift  in  others, 
whQe,  again,  in  otiier  places  all  the  sur&oe-deposits  are  wanting. 
No  wells  or  other  excavations  exist  in  the  valleys ;  and  I  determined 
to  make  some  borings  with  a  view  to  ascertain  the  nature  of  the 
underlying  strata.  It  might  have  been  presumed  that  the  valleys 
were  excavated  in  the  lias  day,  and  that  therefore  just  below  a  few 
feet  of  alluvial  soil  we  should  find  the  lias.  The  result  is  startlingly 
different  from  what  I  expected.  I  have  examined  only  the  valley 
of  Lowmorton  in  any  detail.     This  is  a  lateral  valley  of  the  Avon. 

TOL.  XXVI. PAKT  I.  P 
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The  ralley  near  Hillmorton  chnrch  is  very  singolar  in  its  cha- 
racter. All  round  the  chnrch,  and  extending;  up  and  down  the 
valley  for  some  distance,  is  a  peat-bed,  which  is  exposed  in  some  of 
the  deep  ditches.  Underneath  it  is  sand,  so  inLi»^gnated  with  water 
as  to  be  called  a  quicksand.  It  appears  that  not  long  ago  all  this 
was  a  marsh ;  for  Dr.  Bucknill,  of  Hillmorton  Hall,  informs  me  that 
a  sum  of  money  was  left  to  the  parish  to  keep  up  a  floating  cause- 
way over  the  marsh  to  the  church,  which  stands  on  firm  ground  in 
the  middle  of  the  valley.  Sand  overlies  the  peat  at  the  bridge  over 
the  canal  near  the  church,  just  opposite  the  mouth  of  the  narrow 
valley  with  the  sand-pits  in  which  the  village  lies.  The  London  and 
North-western  railway  crosses  a  portion  of  the  marsh ;  and  immense 
quantities  of  ballast  were  thrown  in  to  make  a  firm  foundation ; 
finally,  I  am  informed,  faggots  were  used  as  a  foundation  for  the 
embankment.  Similar  difficulties  were  met  with  in  constructing  the 
canal.  The  excavations  at  the  locks  drained  the  sand,  and  the  flail 
of  the  neighbouring  houses  seemed  imminent.  These  houses  are 
built  in  some  cases  on  large  slabs  of  concrete  resting  on  Uie  wet 
sand. 

I  caused  a  boring  to  be  made  here  near  the  New  Inn.  It  gave : — 
peat  3  feet,  day  1  foot,  sand  25  feet ;  and  it  was  impossible  to  pro- 
ceed further.  The  sand  was  mixed  with  fine  day,  and  contained  a 
good  deal  of  lime,  so  that  when  dried  it  soon  became  perfectly  hard. 
The  microscope  showed  grains  of  chalk  and  of  rolled  quartzose  sand. 
The  bottom  of  this  boring  was  280  feet  above  the  sea. 

The  next  boring  was  made  in  a  meadow  bdonging  to  Dr.  Bucknill^ 
called  the  Moors.  It  gave  2  feet  peat,  13  feet  wet  sand,  3  feet 
gravel,  and  then  sand,  more  and  more  clayey  and  stifi^,  passing  from 
yellowish  to  grey  until  it  became  too  stiff  for  boring  at  53  feet.  All 
this  sand  contained  fine  day  and  partides  of  chalk,  effervesced  slowly 
but  continuously  with  adds,  and  was  entirely  unlike  lias  day.  A 
very  few  small  stones  were  met  with,  but  not  preserved. 

The  next  boring  was  on  the  left-hand  side  of  the  road  firom  Bugbj 
to  Clifton,  on  the  right  bank,  dose  to  the  stream.  It  passed  through 
6  feet  of  alluvial  soil  and  day,  then  a  mass  of  vegetable  matter, 
being  the  decayed  vegetation  of  the  old  river-bed,  and  then  reached 
sand  similar  to  that  higher  up  the  stream  at  Hillmorton.  Several 
stones,  flints,  grits,  and  quartzite  were  met  with  in  this  boring. 
The  lower  part  yielded  a  considerable  quantity  of  chalk  lumps  in 
the  day.  This  boring  was  persevered  in  till  57  feet  were  passed 
through,  and  then  rook  was  reached,  and  some  fragments  of  lime- 
stone broug:ht  up.  The  bottom  of  iMs  boring  was  227  feet  above 
the  levd  of  the  sea. 

The  last  boring  was  lower  down  the  stream,  close  to  the  planks 
on  the  left  bank  of  the  river.  It  passed  through  fine  yellow  day 
for  7  feet,  then  stones  and  sand  for  an  inch  or  two,  and  then  undis- 
turbed lias  day,  totally  unlike  the  clays  previously  reached.  The 
boring  was  continued  for  20  feet  through  this,  and  then  stopped. 
The  surface  of  the  lias  clay  here  is  274  feet  above  the  sea. 

The  relations  of  these  borings  will  be  understood  by  reference  to 
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the  diagram  (fig.  3).    The  sorfaoe  of  the  day  is  quite  different  from 
the  present  snrfaoe  of  the  oonntry. 

The   most    remarkable  ^ 

spot  in  ttua  river-valley  ^  ?&  1 

is  the  pit  near  Lawford,  ^ 

from  which  Dr.  Buckland 
extracted  so  many  valu- 
able mammalian  remains. 
This  is  now  a  pit  contain- 
ing water,  nearly  filled, 
however,  with  sand  washed 
into  it  by  a  little  stream. 

The  other  valley  of 
Bainsbrook  and  the  Leam 
is  of  the  same  general 
nature.  Alluvial  m^ows, 
with  a  meandering  stream, 
occupy  the  centre;  the 
broad  base  of  the  vaUey, 
however,  is  studded  with 
numerous  slight  eleva- 
tions. No  borings  have 
been  made  there,  and 
there  is  absolutely  no 
knowledge  of  the  subja- 
cent depoeits.  At  Wil- 
loughbysome  mammalian 
remains  were  discovered, 
about  whidi  Mr.  Goldney, 
of  Willoughby,  was  good 
enou^  to  furnish  me  with 
the  annexed  extracts  from 
Deacon's  *  History  of  Wil- 
louc^by'  (London,  1828). 
"  lie  antediluvian  re- 
mains which  have  been 
discovered  at  this  place 
are  the  teeth  and  tusks 
of  the  Mammoth  or  Asiatic 
^ephont  [p.  43].  The 
teetii  first  discovered  in 
this  village  were  dug  out 
of  gravel,  about  12  feet 
from  the  surfBUse  of  the 
earth,  in  a  field  near  the 
Public  School,  about  forty 
years  ago  [sc.  1788].  There  was  discovered  at  the  same  time  a 
tusk  weighing  about  30  lbs.,  5  feet  long,  and  curved  to  the  amoimt 
of  three  quarters  of  a  cirde.  Another  discovery  of  a  tooth  and 
tusk  was  made  about  two  years  ago,  but  theworkmen  broke  the  tusk." 
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Lower  down  these  vaJleys,  at  Leamington,  when  excayationfl  were 
being  made  in  the  Jephson  Gardens,  bones  of  Elephant  and  Bhino- 
ceros  were  found. 

It  remains  now  only  to  speak  of  the  allaTdal  soil  in  these  yalleya 
and  its  contents.  It  does  not  appear  to  be  anywhere  rery  thick  ; 
perhaps  7  or  8  feet  is  the  outside ;  and  it  therefore  merely  fills  up 
slight  depressions  in  the  valleys  previously  existing.  The  present 
streams  go  on  adding  to  the  alluvial  soil  by  the  frequent  flo<xb,  and 
must  be  considered  adequate  to  have  produced  the  whole  of  it. 

The  discovery  of  bones  in  this  alluvium  a  few  years  ago  caused 
considerable  interest.  This  discovery  was  due  to  the  industry  and 
acuteness  of  Mr.  E.  Gleminshaw,  then  a  pupil  in  the  School.  He 
made  the  discovery  entirely  his  own  by  finding  several  places  where 
such  bones  are  to  be  met  with.  The  most  interesting  of  these  are  in 
the  bed  and  banks  of  the  stream  near  Newton,  in  the  Avon  a  litUe 
below  Newbold,  and  close  by  the  little  bridge  below  the  little-Law- 
ford  Mill.  These  bones  have  not  been  specifically  determined ;  and 
I  cannot  pronounce  on  them.  A  laige  collection  of  them  is  in  the 
Arnold  Library  at  Rugby.  Three  or  four  flints  were  found  with 
them,  which  have  been  pronounced  by  fairly  competent  judges  to  be 
probably  flint  weapons.  But  I  found  in  one  of  these  localities, 
associated  with  the  same  bones,  a  piece  of  a  wine-bottle,  some 
pottery,  not  ancient,  and  the  bowl  of  a  tobacco-pipe ;  I  am  there- 
fore sceptical. 

This  concludes  this  short  notice  on  the  superficial  deposits  near 
Bugby ;  and  I  am  not  without  hope  it  may  be  found  useful  to  those 
who  are  engaged  upon  the  problem  of  determining  the  history  of  the 
processes  which  the  surface  of  the  midland  counties  has  undergone 
in  the  latest  f;eological  ages. 


S,  On  the  Superficial  Deposits  of  Pohtiofs  of  the  Avok  and  Sevsrn 
Yallsts  and  adjoining  Districts,  By  T.  G.  B.  LLom,  Esq.,  C.E., 
F.G.S. 

JjSTBjODVCnoV, 

Ik  the  following  paper  I  propose  to  describe  first  of  all  the  facts 
which  I  have  collected  together  upon  the  subject,  and  secondly  to 
show  what  probable  inferences  may  be  drawn  from  them,  in  eiqda- 
nation  of  the  relative  antiquity  of  these  river-valleys  and  their 
superficial  deposits. 

Part  I.  The  Sttpebpicial  Deposits  of  the  Yallet  of  the  Avov. 

Literature  of  the  Subject, — Sir  W.  Jardine's  *  Memoirs  of  H.  E. 
Strickland '  contain  several  papers  on  the  Geology  of  Worcester- 
shire and  Warwickshire,  in  which  are  found  very  dear  and  accurate 
descriptions  of  many  of  the  phenomena  of  the  drifted  deposits  of 
the  Avon  valley  and  surrounding  country.  An  account  is  given  of 
the  late  Professor  Strickland's  discovery  of  land-  and  freshwater 
shells,  associated  with  mammalian  remains,  in  the  gravel-beds  of 
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the  Avon  Yall^,  near  Cropihome  in  Woroesterahire,  which  are 
referred  to  by  Sir  R.  I.  Mnrdiison  in  his  *  Silnrian  System/  My  own 
investigations  are  merely  an  extension  of  those  commenced  by 
Strickland,  to  whose  writings  I  am  much  indebted  for  valuable  in- 
formation, and  many  suggestions. 

In  July  1868,  a  paper  was  read  by  Mr.  E.  Gleminshaw,  at  a 
meeting  of  the  Nat.  Hist.  Society  of  Rugby  School,  on  the  river- 
gravels  of  the  Avon  in  the  neighbourhood  of  Rugby ;  and  this  was 
followed  in  the  published  report  by  a  note  written  by  Mr.  Jas.  M. 
Wilson,  F.G.S.,  which  I  recommend  as  worthy  of  the  attention  of  all 
who  are  studying  Postpliooene  geology.  I  must  also  refer  to  a  short 
paper  by  the  Rev.  P.  B.  Brodie,  F.G.S.,  called  '<  Remarks  on  the  Drift 
in  a  part  of  Warwickshire"  (Quart  Joum.  Geol.  Soc.  voL  zziii.). 
In  Sir  R.  I.  Murohison's  chapters  on  Drift,  in  the  *  Silurian  System,' 
the  subject  of  the  northern  drift  is  extensively  worked  out. 

General  deaeription  of  the  River  and  VaUey  of  the  Avon, — ^The 

Fig.  1. — Section  aerou  the  VdOey  of  a  Tributary  of  the  Avon. 
Distance  2  nules. 
B.W.  NJB. 

Bogby.  catting.   Stream.  Clifton. 


a,  a,  a.  Drift  of  Upper  leriM.  b.  Allurium. 

Ct  e.  Lower  Lias  clay  and  limestone. 

river  Avon  rises  near  Naseby,  in  Northamptonshire,  whence,  taking 
a  south-westerly  course  by  Rugby,  Warwick,  and  Stratford-on-Avon, 
it  flows  past  the  town  of  Evesham  through  a  narrow  bend  of  the 
valley,  li«low  which  it  enters  a  broad  alluvial  plain,  and,  following  a 
tortuous  course  by  Fladbury,  Cropthome,  Pershore,  and  Defiford, 
finally  enters  the  Severn  at  Tewkesbury,  having  accomplished  a  dis- 
tance from  Rugby,  as  measured  along  the  valley,  of  about  sixty-four 
miles.  Its  principal  affluents  are  the  Swift,  the  Leam,  the  Arrow, 
and  the  Bow.  The  basement  rocks,  which  belong  to  the  district  of 
the  valley  between  Rugby  and  Tewkesbury,  occur  in  the  following 
order : — ^Lower  lias  limestone  and  day  from  Rugby  to  King's  Newn- 
ham;  New  Red  marl  and  << waterstones"  from  King's  Newnham 
to  Cloud  Bridge;  Permian  conglomerate  from  the  latter  place  to 
within  a  few  miles  of  Warwick,  where  the  Keuper  series  reappears ; 
between  Stratford-on-Avon  and  Tewkesbury  the  Lower  lias  day 
predominates,  the  Keuper  marls  occupjring  only  a  narrow  area  of 
about  sis  miles  in  width  between  Stratford  and  Evesham,  and 
occairing  again  on  a  line  of  fault  near  Fladbury.  Bredon  HUl 
is  an  outlier  of  Blue  lias  clay  and  Inferior  Oolite. 

Description  of  Trantverse  Sections. — In  a  section  taken  across  the 
valley  of  a  tributary  stream  between  Rugby  and  Clifton  (fig.  1), 
a,  a,  a  represent  beds  of   Boulder-clay,   quartzose  flinty  gravel 
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and  sand,  capping  the  higher 
ground  at  Bngby  and  Clifton, 
and  descending  into  the  yalley, 
where  they  increase  in  thick- 
ness ;  c,  e^  the  supposed  posi- 
tion of  the  Lower  LUis  day  on 
which  the  drift  ties. 

In  a  section  taken  across  the 
valley  of  the  Avon,  from  the 
summit  of  the  hill  on  which 
the  town  of  Bugby  stands  to 
the  Brownsorer  intrenchments, 
excavations  made  on  different 
parts  of  the  hill  show  that 
the  Boulder-day,  with  its  as- 
sociated beds  of  gravel  and 
sand  probably  extends  some 
distance  down  its  flanks.  A 
boring  made  on  the  line  of  sec- 
tion near  the  river  came  upon 
the  lias  at  a  depth  of  six  feet 
from  the  surface.  On  the  hill 
towards  Brownsover  the  exis- 
tence of  the  Boulder-day  and 
other  drift  could  only  be  in- 
ferred. The  modem  alluvium 
on  each  side  of  the  river  is  the 
only  freshwater  deposit  appa- 
rently existing  thereabouts. 

Fig.  2  represents  a  typical 
section  across  the  Avon  valley, 
from  the  summit  of  Bredon 
Hill  to  the  top  of  Cracombe 
Hill,  which  is  taken  along 
such  parts  of  the  valley  as  illus- 
trate in  the  best  manner  the 
relative  distribution  of  the  dif- 
ferent classes  of  the  superfidal 
deposits. 

Provisional  Classification  of  the 
superficial  Deposits  of  the 
VaUiy  of  the  Avon  and  ad^ 
joining  districts*. 

Upper  Series,  ranging  from 
430  feet  to  300  feet  above  the 
sea: — 

*  The  letters  refer  to  the  looali- 
tiee  in  the  Table  (p.  216) ;  and  the 
numbers  denote  the  order  of  the  suo- 
cession  of  the  beds  from  the  surface 
of  the  ground  downwards. 


.Bredon 
HiU. 


c^- 


—  1  Axon.  g" 
fCrop-  I 

—  Xthome  ^ 
LHeath.  ^ 

5 


I 
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A  (1).  QuarUose  flinty  grayel  and  sand  (uBoally  Btratifled).  '<  Ge- 
neral Flinty  Drift  *'  of  Strickland. 

B  (2).  Bonlder-elaj.  A  stiff,  compact  maas  of  sandy  unstratified 
clay  or  earth,  varying  from  a  slaty  blue  to  a  pnrple  colour,  fall  of 
grooved  and  striated  boulders  of  blue  lias  limestone,  white  Chalk, 
and  white  lias  limestone,  smoothed  and  polished  pebbles  of  quartz- 
ite,  showing  fine  striffi  on  their  surfaces,  scratched  subangular 
flints,  and  subangular  blocks  of  syeuite.  In  places  there  are  thin 
seams  and  lenticular  masses  of  quartzose  sand  imbedded  in  it. 

B  (2).  A  light-red,  sandy,  unstratifled  day,  compact  and  hard, 
containing  quartsose  pebbles  and  a  few  boulders,  which  oecaaoiially 
exhibit  traces  of  glacial  action.  In  places  the  colour  of  the  clay 
changes  to  a  dark  brown  or  chocolate  tint. 

C  (3).  Laminated  day  of  brown  and  green  colours. 

J)  (4).  Laminated  sand  of  a  light  red  colour. 

£  (5).  Glean,  quartiose  flinty  gravel  and  sharp  sand,  containing 
gryi^tes  much  water-worn,  and  other  derivative  fossils  (unstrati- 
fled). 

F.  "  General  quartzose  Drift  *'  of  Strickland,  or  "  Northern  Drift  " 
of  Sir  B.  I.  Murchison.  It  consists,  as  far  as  I  have  been  able  to 
ascertain,  of  a  red  compact  loam,  and  light-red  quartzose  sand, 
which  contain  quartzite  pebbles  and  fragments  of  other  rocks  (mainly 
unstratifled),  viz.  of  white  quartz,  felstone,  flints,  &c. 

Lower  Series,  ranging  from  300  feet  to  50  feet  above  the  level  of 
the  sea: — 

G.  "General  Flinty  Drift"  of  Strickland.  Beds  of  quartzose 
flinty  gravely  generally  unstratifled,  but  occasionally  showing  a  stra- 
tified arrangement  in  the  lowest  and  uppermost  beos. 

H.  ''  Lo^  Drift ''  of  Strickland,  principally  composed  of  detri- 
tus from  the  Oolitic  rocks  in  its  immediate  vicinity,  with  a  small 
proportion  of  quartsose  pebbles,  sand,  and  flints.  The  beds  are 
stratified,  and  contain  in  places  marine  sheUs  and  mammalian  re- 
mains. 

Freshwater  Deposits,  ranging  from  about  290  feet  near  Bugby  to 
somewhat  near  30  feet  above  the  level  of  the  sea : — 

QoaitEose  flinty  gmvel  and  sand,  with  oocaaional  seuns  '\ 

of  day.  Land  and  freshwater 

Lightrred  loam  or  briok-earth.  V     ehella  and  mamma- 

Peat.  I      lian  remains. 

Modem  allayiom.  J 

The  above  classification  may  appear  to  many  needlessly  detailed  ; 
but  I  have  adopted  it  after  a  good  deal  of  consideration,  as  being 
one  which,  I  think,  is  best  adapted  for  excluding  all  theoretical 
assumptions  regarding  the  relative  connexion  and  sequence  in  point 
of  time  of  the  different  classes  into  which  I  have  divided  the  drifted 
deposits.  In  some  cases  the  apparent  absence  of  certain  beds  and 
the  non-occurrence  of  marine  shells  and  mammalian  remains  rest 
entirely  on  negative  evidence,  which  future  investigations  may 
modify. 

The  late  Professor  Strickland  divided  what  ha  called  the  marine 
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drifts  of  Woroestershire  and  WarwidcBhiie  into  three  dassee,  viz. 
"  (1)  Erratic  gravel  without  chalk-flints,  (2)  Erratic  gravel  with 
chalk-flints,  (3)  Local  or  non-erratic  gravel ;"  from  which  it  appears 
that  he  was  not  aware  of  the  existence  of  the  Boulder-day  in  thoae 
counties,  Although  he  mentions  the  occurrence  of  a  stiff  day,  con- 
taining fragments  of  chalk,  near  Princethorpe,  in  Warwickshire. 

Description  of  the  Drifts  of  the  Upper  Series, — ^Beferzing  to  the 
accurate  descriptions  of  the  several  classes  of  drift  and  their  geo* 
grai^cal  distrihution,  contained  in  the  papers  of  Strickland  pre- 
vioudy  mentioned,  I  shall  confine  mysdf  to  some  observations 
bearing  on  the  extension  of  the  subject  which  I  have  had  the  op- 
portunity of  making. 

A  (1).  This  depodt  of  quartzose  flinty  gravd  and  sand  is  found 
overlying  the  Boidder-day  in  the  neighbourhood  of  Kugby ;  in  some 
places  it  rests  immediatdy  upon  the  basement  rode,  as  at  Kenil- 
worth,  where  it  shows  signs  of  stratification,  the  sand  being  lami- 
nated in  the  middle  bed.  A  small  rounded  boulder  of  grey-ooloured 
porphyritic  granite  was  observed  lying  in  the  upper  gravd-pit  ad- 
joining. 

B  (2).  The  area  covered  by  the  Lower  Lias  clay  defines  pretty 
accurately  the  boundary  of  the  purple-coloured  Botdder-day  in  the 
north-east  part  of  Warwickshire.  The  depodt  is  irregularly  distri- 
buted over  the  surface  of  the  high  ground,  whence  it  descends  into 
portions  of  the  valleys,  attaining  a  condderable  thickness  in  both 
situations. 

B  (2),  F.  After  leaving  the  district  of  the  Lias,  and  passing^ 
downwards  to  the  region  of  the  New  Red  Marls,  we  find  a  change 
in  the  composition  and  cdour  of  the  unstratified  beds.  Although  I 
have  separated  them  into  two  classes  B  (2)  and  F, — ^thdr  character- 
istic features  are  so  much  alike,  that  I  believe  they  both  bdong  to 
the  "  General  Quartzose  Drift ""  of  Strickland,  or  "  Northern  Drift " 
of  Sir  B.  I.  Murduson.  The  compodtion  of  the  beds  in  the  district  in 
question  has  been  described  in  general  terms  by  Strickland.  With 
regard  to  the  occurrence  of  flints  in  them,  my  observations  have  led 
me  to  oondude  that  these  are  distributed  through  the  beds  in  a  per- 
sistent manner,  although  the  relative  proportion  of  them  to  the 
other  components  is  small.  Seams  of  carbonaceous  matter  and 
lumps  of  drifted  coal  are  not  unfrequentiy  met  with.  In  a  sand-pit 
on  the  north-west  side  of  Cracombe  Hill  I  observed  a  peculiarly 
contorted  arrangement  of  the  beds.  Narrow  seams  of  finely  lami- 
nated sand  of  a  red  colour  were  seen  interbedded  between  layers 
of  fine  sandy  gravd.  On  the  right-hand  side  of  the  section  appeared 
a  thin  seam  of  light-coloured  marl  following  a^  curved  direction. 
The  longer  axes  of  the  pebbles  and  the  sand-seams  were  inclined  at 
an  angle  of  about  70^  N.W.  At  Sheriff's  Lench  and  in  the  quartsoee 
flinty  gravel  at  Bredon  I  have  observed  somewhat  dmilar  phenomena. 
The  liver-coloured  and  greyish  pebbles  of  quartzite,  so  abundant  in 
these  beds,  are  commonly  found  broken  in  half,  having  their^frac- 
tured  edges  slightiy  rounded ;  their  surfaces  exhibit  small  hollows 
of  a  lightish  colour,  due  probably  to  disintegration.     The  pebbles 
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in  the  Banter-conglomerate  beds  in  the  neighbourhood  of  Broms- 
groYe,  present  in  many  cases  the  same  appearances ;  and  some  of 
tiiiem  are  found  with  cracks  across  them,  which  yield  to  the  pressure 
of  the  hand. 

C  (3)  has  only  been  observed  hitherto  at  Snitterfield,  Welcombe 
Hill,  and  in  a  brickfield  near  the  New  Inn,  Bidgway,  accompanying 
the  beds  B  (2)  and  F.  It  varies  from  about  7  feet  to  4  feet  in 
thickness. 

D  (4).  This  bed  appears  to  be  the  one  which  is  most  persistent  in 
its  occurrence  of  any  in  the  upper  series.  It  has  been  traced  from 
the  neighbourhood  of  Kugby,  where  it  attains  to  a  minimum  thick- 
ness of  about  50  feet  near  Hillmorton,  to  near  Princethorpe,  where 
it  occurs  both  under  the  Boulder-day  and  between  it.  It  is  met 
with  again  in  the  neighbourhood  of  Warwick  and  Leamington,  con- 
tinuing down  as  far  as  the  Lenches,  beyond  which  there  is  no  certain 
evidence  of  its  occurrence,  although  it  probably  underlies  the  red 
loam  on  Gracombe  and  Charlton  hills.  The  exact  thickness  of  the 
bed  has  not  yet  been  ascertained  where  it  occurs  in  the  neighbour- 
hood of  Bugby ;  but  in  the  district  of  the  New  Bed  marl  it  averages 
about  10  feet  in  thickness.  In  some  of  the  localities  it  contauis 
quartioee  pebbles  and  flints. 

£  (5).  This  deposit  bears  much  resemblance  to  the  freshwater 
gravel  hereafter  to  be  described.  It  appears  to  be  a  well-washed 
bed  of  gravel  and  sand,  containing  pebbles  of  white  quartz,  a  few 
flints,  and  numerous  water- worn  specimens  of  Oryphcea  ineurva  and 
Belemnites.  I  also  obtained  from  it  a  fragment  of  coral  and  what 
appeared  to  be  a  fragment  of  Encrinite  limestone.  It  is  doubtful 
whether  it  exhibits  any  signs  of  stratification  or  not.  The  only  loca- 
lities in  which  I  have  met  with  it  are  at  Snitterfield,  near  Warwick, 
near  the  Brickyard,  Leamington,  and  Welcombe  Hill,  near  Stratford- 
on-Avon.    It  is  said  to  occur  near  the  "  New  Inn  "  on  the  Bidgway. 

In  order  to  make  clearer  the  order  of  superposition  of  the  deposits 
above  described,  I  subjoin  two  typical  sections — ^the  one  taken  from 
the  beds  occurring  in  ike  lias  district,  and  the  other  from  the  area 
of  the  New  Bed  marls. 

Section  A. 

ft. 

A  (1).  Average  thiokneM 7 

B.  (2;.  On  the  high  ground 9 

H     When  oocnmng  in  a  yallej   ...  90  and  upwards. 
D.  (4).  Total  thiokneaa  unknown    50  and  upwards. 

Basement  rock — Lower  Lias  day  and  limestone. 

Section  B. 

ft. 

Br^andF.  Ayerage  thickneas  about 10 

0.(3)  Arerage  thiclmefls  about 3 

D.  (4)  Average  ihieknesB  about 10 

E.  (5)  Average  thickness  uncertain. 

Basement  rock  principally  New  Bed  marl  *. 

*  Some  of  the  localities,  although  occurring  on  the  lias,  are  in  the  yidnity 
of  the  New  Bed  marls. 
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Before  concluding  the  description  of  the  beds  of  the  Upper  Series, 
it  may  be  well  to  <^  attention  to  a  singular  arrangement  of  drift 
which  occurs  in  a  brick-pit  on  Black  Hill,  Snitterfield,  near  War- 
wick (i^g.  3). 

A  somewhat  wedge-shaped  mass  of  compact  "  clunchy"  clay  of 
red  and  greenish  colours  was  observed  on  the  face  of  the  pit  to 
break  the  continuity  of  a  bed  of  light-red  loam,  and  to  rest,  as  far 
as  one  was  able  to  judge,  upon  the  laminated  clay  below.  Its  di- 
mensions, as  measured  on  the  face  of  the  section,  were  66  feet  from 
A  to  B,  30  feet  from  C  to  D,  vertical  depth  19  feet.  The  total  size 
of  the  mass  is  not  known,  nor  was  I  able  to  trace  its  superficial  area. 
It  appeared  to  contain  sand  mixed  up  with  clay  and  quartzose 
pebbles.  The  locality  is  on  the  most  devated  ground  thereabouts. 
I  could  not  detect  any  dislocation  of  the  beds  of  red  loam  along  the 
lines  A  to  C  and  B  to  D.  I  may  mention  here  that  a  fragment  of  bone, 
now  in  the  possession  of  Mr.  Eirshaw,  F.G.8.,  of  Warwick,  was 
said  by  the  foreman  to  have  been  found  in  the  gravel-bed  below. 

Fig.  3. — Section  in  Brick-yard  at  Black  Hill,  Snitterfield, 


6  C    / 


a.  Surfaoe-soil.    5.  light-red  loam  and  sand.    c.  CSarbonaoeousaeam.    tLFii 


d,  Findlj 
laminated  green  and  reddish-brown  clay.  e.  Finely  laminated  light  red 
qoartzose  sand.  /.  Qaartzose  sand  and  grayel,  with  GrypkoM,  Belemnites, 
Bnorinital  limestone,  &c. 

Lower  Series. 

G.  Starting  from  the  discovery  of  a  bed  of  unstratified  quartzose 
flinty  drift  at  Bredon,  near  Tewkesbury,  which  was  described  by 
Strickland  under  the  head  of  **  Marine  Erratic  Gravel  with  Flints  " 
(Trans.  Geol.  Soc.  N.  S.  vi.  p.  554),  I  have  succeeded  in  tracing  the 
existence  of  beds  of  a  similar  character  in  various  localities,  from 
Berry's  Coppice,  near  Donnington,  to  within  a  short  distance  of 
Tewkesbury.  As  will  be  seen  from  the  general  Table  of  Localities, 
they  occupy  elevations  from  180  feet  to  67  feet  above  the  river 
Avon.  As  a  general  rule,  decreasing  in  altitude  seaward,  on  the 
south-east  side  of  the  Avon,  between  Evesham  and  Bredon,  they 
range  along  the  upper  edge  of  an  escarpment  of  Lias  which  lies  at 
the  base  of  what  I  have  termed  the  main  valley  ;  at  the  bottom  of 
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the  escarpment  the  outer  edges  of  the  freshwater  beds  are  seen  to 
rest.  On  the  north- west  side  of  the  Avon  isolated  patches  of  the 
same  class  of  deposits  are  found  on  the  upper  side  of  the  valley 
of  the  Arrow,  near  Donnington,  on  the  summits  of  Green  Hill, 
Evesham,  Mount  Pleasant,  Pershore,  and  on  the  commons  of  Shut- 
hanger  and  8hoebarrow,  near  Tewkesbury.  They  may  be  said  to 
consist,  for  the  most  part,  of  red  loam  and  sand,  containing  pebbles 
of  white  quartz,  quartzite,  and  felstone,  associated  with  a  consider- 
able percentage  of  black  flints,  which  seem,  in  many  cases,  but 
slighUy  water-worn,  besides  numerous  angular  flake-like  fragments 
of  a  whitish  siliceous  substance,  which  appeal*  to  be  composed  either 
of  flint  or  chert.  At  Bengeworth  Hill  and  Green  Hill,  near  Eves- 
ham, the  beds  average  5  feet  in  thickness ;  at  the  former  locality 
the  surface  of  Blue  Lias  clay  on  which  they  rest  is  much  eroded ; 
their  maximum  thickness,  wherever  I  have  had  an  opportunity  of 
measuring  them,  was  about  15  feet. 

At  Berry's  Coppice,  near  Donnington,  and  on  Cropthome  Heath, 
an  unstratified  bed  of  ferruginous  gravel  contains,  in  its  upper  part, 
small  pockets  and  accretions  of  a  light-coloured  siliceous  sand,  mixed 
with  pebbles  (^.  4).  In  one  part  of  the  pit  on  Cropthome  Heath 
I  observed  a  pocket  of  ferruginous  gravel  without  any  intermixture 
of  the  whitish  sand,  in  which  the  pebbles  were  arranged  principally 
with  their  longer  axes  variously  inclined,  accommodating  them- 
selves, as  it  were,  to  the  truncated  conical  form  of  the  pocket.  In 
the  section  a  singular  ridge  and  farrow-like  outline  of  the  stratified 


Fig.  4. — South  Face  of  Gravel-pit  on  Cropthome  Heath. 


a,  lifht  ^rej  vegetable  soil  with  a  few  pebbles,  b.  Fine  gniTel.  c.  Red  sand. 
a.  Fine  graveL  e.  Bed  and  white  sand.  /.  Coarse  ferruginous  grayel  and 
loamy  sand.    g.  Blue  Lias  day. 

portion  of  the  beds  is  seen,  the  red  sand  of  which  is  of  a  lighter 
colour  than  that  of  the  bed  below.  The  pebbles  appear  to  be  alike 
in  character  throughout  the  deposit.  At  Berry^s  Coppice  the  highly 
inclined  position  of  the  pebbles  in  the  ferruginous  gravel  is  seen 
extending  throughout  a  considerable  portion  of  the  section.  In  the 
same  locality  stratified  sand  and  gravel  was  seen  near  the  bottom  of 
the  pit.     In  the  seams  composed  parUy  of  whitish  and  partly  of  red 
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sand  I  found  a  fragment  of  a  shell  which  Mr.  Etheridge  considered 
to  he  a  portion  of  a  Cyprina  islandiea,  remarking  at  tke  time  that 
it  was  a  veiy  difficult  piece  to  determine.  At  Brick  Fill  I  have 
oheerved  accretions  of  whitish  sand  in  a  hed  of  light-red  loam ;  and 
on  Mount  Pleasant  the  same  kind  of  sand  has  heen  met  with.  It 
may  be  remarked  here  that  the  deposit  on  Gropthome  Heath,  de- 
scribed above,  is  partially  surrounded  by  beds  of  freshwater  origin, 
between  which  there  is  a  minimum  difference  of  height  of  30  feet. 

H.  About  three  years  ago,  during  the  construction  of  the  Eves- 
ham and  Ashchurch  railway,  a  large  excavation  was  made  for 
ballast  at  the  base  of  Bredon  Hill,  near  Beckford,  where  the  follow- 
ing section  was  exposed,  for  an  account  of  whidi  I  am  indebted  to 
Mr.  W.  C.  Lucy,  F.G.S.,  of  Gloucester. 

No.  1. 

ft  in. 

(1)  8kttl 8  0 

(2)  QnTol    9  0 

(3)  Seamofolay 0  2 

(4)  OraTel    0  3 

(5)  DiBoontinuoiu  bed  of  elay 0  2 

(6)  GraTel    0  3 

12    10 

Basement  bed  of  Lower  lias  day  reached  at  17  feet  below  the 
surface. 

On  visiting  the  locality  I  found  that  the  former  excavations  bad 
been  filled  in ;  but  near  the  north-^ast  end  of  the  old  workings  the 
following  section  was  exposed  in  a  sand-pit. 

No.  2. 
Suifiuje  of  ground.  ft.    in. 

^1)  Dark-brown  earth  itvithoat  pebbles 8      3 

(2)  Bed  of  ooarse  fragments  of  Oolitic  limestone    ...    2      9 

(3)  Beds  of  small  fingments  of  Oolitic  rock,  alter- 

nating with  thin  seams  of  light-coloured  quart- 

sosesand 7      0 

Bottom  of  pit.  __ 

13      0 

The  beds  nos.  2  and  3  contained  Oolitic  fossils,  quartsose  pebbles, 
and  flints. 

In  a  sand-pit  at  Bredon's  Norton  I  counted  as  many  as  thirteen 
alternations  of  gravel,  sand,  and  day  in  a  vertical  depth  of  about 
4^  feet. 

Judging  from  the  depth  of  the  basement  day  in  Section  No.  1, 
it  would  appear  that  the  total  thickness  of  the  deposit  in  the  sand- 
pit at  Beckford  is  about  20  feet.  From  the  contour  of  the  surfooe 
of  the  ground  in  the  neighbourhood,  it  seems  likely  that  the  beds  in 
question  form  mound-shaped  accumulations,  which  slope  upwards 
towards  the  summit  of  Bredon  Hill,  and  extend  round  a  condderable 
portion  of  its  base. 

In  Mr.  W.  Boyd  Dawkins's  list  of  Postglacial  Mammals  (Quart. 
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Jonm.  Geol.  8oc.  vol.  xxy.  p.  195)  the  following  mammalia  are  noted 
imder  the  locality  "  Beckford/' 

Cenrus  tarandus.  I  Sua  8cro&. 

Bos  primigeaius.  |  RhinooeroB  tiohorhinof. 

Biaon  priacos.  |  Blephaa  primigeniua. 

The  President  of  the  Gotteswold  Club,  Sir  W.  Y.  Guise,  Bart., 
F.G.S.,  in  his  address  for  1865,  stated  that,  when  at  Beckford,  in 
company  with  the  Eev.  W.  8.  Symonds,  he  found  a  firagment  of  a 
shell  which  Mr.  Gwyn  Jefireys  pronounced  to  be  a  portion  of  a 
Luevna  boreaUs.  I  have  also  seen  it  stated  that  Miss  Holland,  of 
Dumbleton,  found  a  Rissoa  at  the  same  place. 

Before  concluding  the  description  of  the  Lower  Series  I  may  per- 
haps be  permitted  to  call  attention  to  the  occurrence  of  a  stratified 
deposit  occurring  on  the  eastern  side  of  Cropthome  Hill,  which  has 
not  yielded  hitherto  any  positive  evidence  to  show  whether  it  is  of 
marine  or  fireshwater  origin.    A  section  in  a  sand-pit  gives : — 

(Sur&oe  of  ground  1 10  feet  abore  the  sea,  and  60 

feet  above  the  Avon.)  ft.    in. 

(1)  Vegetable  soil    I      0 

2) -  -      - 


! 


(2)  Irregolar  bed  of  dark  red  loam,  containing  laiigo 

and  nBallj^bles  of  white  quarts  and  flinti  ...  4  0 

3)  Fine  red  laminated  sand 2  0 

4)  Quartsose  grayel  0  3 

'5)  Fine  red  Band   3  0 

(6)  Quartxose  grsTel  0  3 

7)  Fine  red  land    1  0 

|8)  Quartsose  gravel  0  2 

^9)  Lig^red  laminated  sand    3  0 

10)  Dark  red  loam 0  6 

11)  Darkredsand  4  0 

12)  Bed  clayey  loam  0  2 

13)  Bed  sand   2  6 

Bottom  of  pit.  _^ 

21  10 


The  sand  has  been  excavated  to  a  depth  of  about  30  feet  from  the 
surfieuse  without  having  reached  the  basement  rock.  No  traces  of 
mammalian  or  molluscan  remains  have  hitherto  been  discovered. 
The  summit  of  the  hill  on  which  the  village  of  Cropthome  stands  is 
covered  by  a  capping  of  gravel,  apparently  of  a  similar  character  to 
that  occurring  on  Cropthome  Heatii,  already  described.  As  far  as  I 
am  aware,  boulders  are  seldom  met  with  in  the  gravelly  drift  of  the 
Upper  and  Lower  Series. 

Freshwater  Deposits. — Quartzose,  flinty  gravel,  and  sand,  with 
occasional  seams  of  clay.  (Land  and  fireshwater  shells  and  mamma- 
lian remains.) 

From  some  point  between  the  villages  of  Lawford  and  Stoneleigh, 
the  exact  locality  of  which  is  not  known,  beds  of  alluvial  gravel  and 
sand  can  be  traced,  with  occasional  intem^tions,  on  both  sides  of 
the  Avon,  to  within  a  short  distance  of  the  town  of  Tewkesbury, 
their  heights  above  the  river  increasing  for  the  most  part  as  they 
approadi  its  mouth.  On  the  whole  they  present  a  remarkable 
uniformity  of  composition,  thickness,  and  arrangement  of  parts. 
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though  between  Stratfoid-on-Avon  and  Eyeshain  they  appear  to 
contain  fewer  flints  in  proportion  to  the  rest  of  their  constituents 
than  the  deposits  of  a  similar  class  occurring  higher  up  and  lower 
down  the  valley.  The  width  of  the  beds  from  above  Stoneleigh  to 
Evesham  is  on  an  average  about  |  mile.  Between  Evesham  and 
Tewkesbury  they  attain  their  maximum  superficial  development, 
having  a  width  of  about  1  j  mile.  The  average  thickness  of  the 
beds,  taken  from  measurements  in  eighteen  different  localities,  is 
7  ft.,  their  maximum  thickness  being  12  ft.  The  inner  margins  of 
the  beds  form  in  most  cases  banks  about  3  ft.  in  height  above  the 
lAirface  of  the  modem  alluvium.  I  have  no  positive  evidence  to 
show  whether  the  gravel-beds  pass  under  the  latter;  but  from 
accounts  which  I  have  received  of  several  borings  made  down  to  the 
basement-rock  in  different  localities,  it  would  appear  that  no  gravel 
was  met  with.  As  Strickland  formerly  remarked,  this  description 
of  Drift  appears  to  be  made  up  of  the  other  three  kinds,  viz.  the 
"  quartzose,  the  *'  flinty,"  ajid  the  "  local"  drifts.  The  bed  resting 
on  the  basement-rock  is  in  most  cases  composed  of  sand,  which  fills 
up  the  furrows  occurring  in  the  rock. 

By  means  of  levels  taken  at  different  points  across  the  valley, 
near  Eladbury  and  Cropthome,  I  have  been  enabled  to  group 
together  the  isolated  patches  of  gravel  occurring  thereabouts,  as  will 
be  seen  in  the  following  Table : — 

A|>proxiiiiate 
heiffhtB  aboTe 

Localities  situated  on  the  Right  Bank  of  the  Biver,  {JST^ 

BailvAy-outting,  Fladbury 30 

Gnyel-pit  in  the  Beotor'B  Field,  Fladbury   26 

Grayel-pit  near  the  outer  edge  of  the  modem  alluyiam,  Sprinir 

Hill    ._ ....f.....:  10 

G^yel-pit  on  north  side  of  Farm-hooae,  Spring  HiU 20 

Gravel-pit  on  east  side  of  same  21 

Ghravel-pit  near  Moore 23 

LBallasfc-pit  near  Wyre 25 

Localities  situated  on  the  Left  Bank  of  the  Biver, 

''  Bank  of  gravel  adjoining  the  modem  alluyium,  Fern  Hill 14 

Grayel-pit  in  farm-yard,  Charlton 29 

Ballast-pit,  near  Charlton  30 

Ghrayel-pit  near  Cropthome  Ford 21 

Grayel-pit  in  North  Charlton  Field  25 

»  Gravel-pit  near  the  "  New  Inn,*' Cropthome   40 

»  Old  Brickyard  near  Briddehampton  Bank (about)  37 

#   r  Grayel-pit  on  top  of  river-bank,  near  Wick 31 

»   J.  Gravel- pit  near  Little  Comberton 40 

Some  of  the  localities  (bracketed  together)  are  sitoated  on  the  same 
plateau  of  gravel,  whilst  others  are  cut  off  from  it  by  the  valleys  of 
small  streams.  The  beds  where  the  localities  marked  by  asterisks 
occur  do  not  appear  to  be  connected  in  an  obvious  manner  with 
the  rest.  I  may  therefore,  perhaps,  be  allowed  to  describe  them 
more  in  detail. 

Cropthome  Heath,  where  the  drift-gravel  containing  the  light- 
coloured  sand  is  found,  occupies  a  central  position  with  regard  to  the 
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localities  in  question.  On  the  east  lies  the  gravel-pit  near  the  New 
Inn,  separated  from  it  by  a  smaU  valley,  through  which  a  brook 
runs ;  the  brick-yard  near  Bricklehampton  Bank  faces  the  river  on 
the  west ;  whilst  to  the  south  is  seen  the  shallow  vaUey  in  which 
the  pits  near  Little  Comberton  and  Wick  are  situated.  As  may 
be  seen  from  the  Table  (p.  216),  the  elevation  of  the  drift  in  the 
gravel-pit  on  Cropthome  Heath  is  33  ft.  above  the  mean  height  of 
the  freshwater  beds  in  the  four  localities  just  named. 

Section  in  Oravel-pit  near  the  New  /nn,  Cropthome. 

Surface  of  Ground.  ft.  in. 

lightrcoloured  earthy  olay,  with  a  few  pebUflfl  1  8 

Bra  oohenTe  clay  1  6 

Quartzose  flinty  gravel,  with  ohiJky-looking  aeams  and  layers  of 

red  and  light-gr«y  sand  ^whitish)    3  0 

QoArtzose  flinty  gravel,  with  layers  of  red  and  whitish  sand  (no 

chalky  seanis) 1  10 

light-red  sand,  obliquely  laminated  with  a  seam  of  gravel  1  inch 

thick    1  0 

Bed  sandy  clay,  adhesive  when  moist 1  0 

Light-grey  sand  (whitish) 1  0 

Blue  lias  clay.  11    0 

A  considerable  number  of  large  quartzose  pebbles  were  mixed  up 
with  the  finer  graveL  A  rounded  boulder  of  Fektone,  measuring 
about  2  ft.  2  in.  X  1  ft.,  was  found  lying  on  the  surface  of  the  lias 
clay. 

The  gravel-pit  near  Little  Comberton,  remarkable  for  having 
yielded  a  very  fine  tusk  of  ffippopotamue  major,  now  in  the  Worcester 
Museum,  is  situated  at  a  distance  of  about  a  mile  from  the  present 
river.    A  section  in  it  was  as  follows : — 

Surfiuse  of  Ghround.  ft.  in. 

1)  light-coloured  marly  earth,  with  a  few  pebbles 2  0 

2)  Fine,  quartzose  flinty  gravel,  with  seams  of  licht-red  sand. . .  4  0 

;3|  light-red  sand,  with  small  pebbles  (chiefly  of  flint)  0  3 

(4)  Fine,  quartKMe,  flinty  gravel,  and  red  sand 1  0 

(5l  Whitish-ooloured  sand  0  6 

(6)  Fine,  quartzose,  flinty  gravel,  and  red  sand    2  6 

Blue  lias  day.  10    3 

In  the  bed  no.  5  I  found  numerous  specimens  of  freshwater 
shells  enclosed  in  streaks  of  light-red  clay.  The  surface  of  the  base- 
ment clay  was  very  uneven.  In  another  part  of  the  same  pit,  now 
filled  in,  the  Rev.  W.  Parker,  of  Little  Comberton,  informed  me  he 
had  found  the  lowest  stratum  composed  of  mud  containing  fresh- 
water shells  and  remains  of  aquatic  plants,  lying  on  an  uneven 
surface  of  blue  Lias  day.  For  a  description  of  the  brick-earth  and 
gravel  near  Bricklehampton  Bank,  I  must  refer  my  readers  to  the 
Strickland  Memoirs,  page  98,  and  the  'Silurian  System,'  pages 
566,  566). 

Boulders  are  occasionally  met  with  in  the  freshwater  gravels, 
occuiring  on  the  surfJEUse  of  the  basement  clay.  The  largest  I  have 
leen  was  found  in  the  ballast-pit  near  Charlton ;  it  was  composed 
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of  Felstone,  and  measured  4  ft.  x  1  ft.  8  in.  x  1  ft.  4  in.  The  deriva- 
tive  foesils  are  chiefly  OardinicB,  gryphites,  and  corals  from  the  lias 
beds,  with  belemnites  &c.  from  the  Oolite.  Fragments  of  siliciiied 
wood,  such  as  is  found  near  Coventry,  in  the  Permian  Sandstone, 
are  found  in  the  gravel  round  Warwick. 

I  am  indebted  to  Mr.  E.  C.  Tomes,  F.L.S.,  for  the  following  re- 
marks on  the  local  distribution  of  the  corals  occurring  in  the  gravel : 
— '<  In  the  fluviatile  gravel  of  Leamington  (on  the  river  Leam)  a 
species  of  Montlivaltia  occurs  pretty  frequently,  which  is  so  plentiful 
in  the  upper  beds  of  the  Lower  Lias  at  Fenny  Gompton,  about  10 
miles  distant.  Lower  down  the  Avon,  at  Welford,  below  Stratford- 
on- Avon,  the  gravel  contains  a  small  lias  coral,  Montlivaltia  ntgosa, 
found  in  the  corresponding  bed  in  the  Lower  lias  at  Honeyboume, 
about  5  or  6  miles  ^stant.  At  Fladbury  are  found  specimens  of  the 
Mesozoic  SeptastroBa  Eveshami  and  Haimii  from  the  adjacent  'Angu- 
2a^t£«-beds'  of  Chadbury.  The  specimens  of  Septastrasa  show  but 
little  signs  of  attrition,  whilst  a  Silurian  coral  (from  Charlton  ballast- 
pit)  appears  much  water-worn.  Near  Upton  Snodsbury  I  obtained 
a  specimen  of  Septastrcea  from  the  beds  of  gravel,  which  contain  but 
few  flints,  in  the  valley  of  the  Bow,  where  also  mammalian  remains 
and  freshwater  shells  have  been  discovered." 

There  are  only  two  localities  in  the  valley  of  the  Avon,  between 
Rugby  and  Tewkesbury,  in  which  deposits  of  brickearth  have  been 
met  with,  as  far  as  I  am  aware,  viz.  at  Bengeworth,  near  Evesham, 
and  at  Bricklehampton  Bank,  near  Cropthome,  before  alluded  to. 
In  the  latter  the  workings  have  been  abandoned  for  many  years 
past,  and  are  now  entirely  covered  up.  The  beds  of  brickearth  and 
gravel  at  Bengeworth  are  exposed  in  a  brick-yard  on  the  north-west 
side  of  EjLOwle  Hill,  where  they  rest  on  a  bed  of  blue  Lias  clay  at  a 
distance  of  about  half  a  mile  from  the  river.  I  have  been  unable  to 
ascertain  their  superficial  extent,  in  consequence  of  the  absence  of 
any  exposure  of  them,  excepting  at  the  locality  in  question.  On  the 
north-east  side  of  the  pit  a  bed  of  unstratifled  quartzose  flinty  gravel 
belonging  to  the  '<  Lower  Series  "  appears  to  be  cut  off  towards  the 
south-west  by  the  brickearth.  The  height  of  the  surface  of  the  loam 
above  the  river  is  somewhere  about  60  ft.  The  valley  thereabouts 
is  narrow  and  deep.  On  the  north-east  the  loam  has  been  removed, 
and  the  excavation  filled  up  in  part.  The  dip  of  the  lower  gravel- 
bed  is  5^  N.£.  and  S.W.  (I  have  omitted  the  dips  in  the  preceding 
descriptions,  having  found,  by  repeated  trials  that,  when  taken  over 
so  limited  an  area  as  is  exposed  in  a  ordinaiy  gravel-pit,  they  were 
not  to  be  relied  on.)  I  believe  the  mammalLEm  remains  were  found 
chiefly  in  the  lower  gravel-bed,  and  that  the  specimens  of  Unto 
ovalis  occurred  in  the  loam.  A  section  taken  near  the  centre  of  the 
pit  exhibited  the  following  arrangement : — 

ft.  in. 
(1)  Light-red  loam,  containing  local  seams  of  fine  quartsoee 

/ox  ^  fli«*yg«»vel    20    0 

(i5)  Quartzose  flinty  grayel  and  sand  2    6 

22    6 
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PeaUheds, — ^A  bed  of  peat  about  8  ft.  thick,  resting  on  gravel, 
was  cut  throngh  some  years  ago  at  Cbadbury ;  in  it  many  boms  of 
Red  Deer  were  found. 

Modern  Alluvium, — This  deposit  of  allayial  silt,  containing  layers 
of  vegetable  matter,  mammalian  remains,  and  land  and  freshwater 
shells,  seems  to  be  continuons  from  Rugby  to  Tewkesbury,  increasing 
in  thickness  as  we  descend  the  river,  from  about  6  ft.  to  about 
15  ft.  In  the  neighbourhood  of  Rugby,  near  Little  Lawford,  a  well- 
known  discovery  of  mammalian  remains  and  shells  was  made  in  the 
year  1815,  of  which  a  short  account  is  given  in  Dr.  Buckland's 
*  Rcliquise  Diluvianse.'  I  believe  that  the  Rev.  Andrew  Bloxam,  then 
residing  at  Rugby,  was  the  first  person  to  call  Dr.  Buckland's  atten- 
tion to  the  discovery.  In  a  letter  to  me,  in  reply  to  a  query  about 
the  meaning  of  the  term  "  drift,"  as  applied  by  him  to  the  deposit  in 
which  the  remains  were  found,  Mr.  Bloxam  says,  "  The  drift  in  your 
plan,  as  far  as  I  can  remember,  was  alluvial  loamy  soil,  at  the 
bottom  of  which,  just  above  the  clay  (Lias?),  was  a  layer  of  a  few 
inches  thick  of  a  black  peaty  kind  of  deposit,  in  which  the  bones 
were  deposited,  some  of  which,  however,  had  sunk  into  the  clay 
beneath."  Dr.  Buckland  remarks,  in  his  work,  that  the  bones  ap- 
peared not  in  the  least  degree  mineralized,  and  had  lost  scarcely 
any  thing  of  their  animal  matter  and  weight. 

As  a  general  rule,  the  mammalian  remains  have  been  found,  ac- 
cording to  all  accounts,  either  resting  immediately  on  the  surface  of 
the  basement  day  or  else  in  the  lowermost  beds  of  the  freshwater 
gravels.  The  land  and  freshwater  shells  have  been  pretty  much 
confined  to  the  lower  beds  in  the  few  localities  where  they  have 
hitherto  been  found;  with  the  exception  of  the  case  recorded  by 
Sir  R.  Murchison,  near  Bricklehampton  Bank,  the  bones  &c.  usually 
have  occurred  singly,  and  the  shells  were  well  preserved,  with 
their  valves  often  in  contact.  No  stone  implements,  as  yet  authen- 
ticated, have,  I  believe,  been  found  in  the  superficial  deposits  of  the 
Avon  valley, 

Liat  of  Mammalia  from  the  Freshwater  Deposits  of  the  Avon,  eom^ 
piled  from  Mr.  Dawkins's  Table. 


Canis  lupus. 
Hyiena  epeliea. 
Cenrus  tarandus. 
C.  elaphns. 


Bison  priscufl. 
Hippopotamus  major. 
Sxis  scrofa. 
Equus  caballua. 


KhinoceroB  tichorhinus. 
Elephas  antiquus. 
E.  primigenius. 


NoTB.— C^mis  lupus  is  found  in  the  Table  under  the  locality  "  Tewkeabury." 
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Tablk  of  thb  LocALiToa  OP  THB  Dmfw  of  thj  Avon  Vallet  akd 
ADionmra  DisTRion,  with  theib  Hmghts  abote  thb  Sea*, 

Upper  Sene$,  ranginj  from  430  fut  to  300  feet  above  the  level  of 

the  sea. 


Looftlitie*. 


Letten 

of 

reference. 


Approximate 

Height 

Height 

above 

abore 

ecn- 

the 

level. 

river. 

ft. 

a. 

380 

89 

;i{iO 

75 

32.1 

00 

300 

112 

3r>i 

211 

430 

3Q0 

3o0 

2^)0 

310 

190 

35.5 

3a5 

370 

;«o 

850 

310 

I 


Environs  of  Rugby  (maximum  height)    ...    A,  B,  D. 
'      Stretton,  near  DuMmore  (vicinity  of) B,  D. 

Kenilwortli  Common A?. 

® ySnitterfield,  near  Warwick    B,  C,D,E. 

Welcombe  Hill,  near  Stratford-on- Aron ...  B,  C,  D,  E. 

Brick-yard  near  the  New  Inn,  "the  Ridg-' 
way"    jB,C.D,E. 

Weethley  and  Cook's  Hill |      B,  D. 

Overgley  Upper  Lodge  farm,  near  Alcester.        F. 

Church  Lench D(Q.F?). 

Cracombe  Hill,  near  Evesham P. 

v^eriffs  Lench    I         P. 


Lou'(r  Series,  ranging  from  800  feet  to  60  feet  above  the  level  of 

the  sea. 


Welford  and  Weston  Holes,  near  Stratford 

Berry's  Coppice,  Donnington  

Oreen  Hill,  Evesham 

Xnowle  Hill,  Evesham  (brick-yard)    

Charlton  Hill 

Cropthorne  Heath 

Cropthome  Hill  (summit  of)   

Brick  Hill,  near  Pershore 

Momit  Pleasant,  Pershore 

♦ttBeckford 

Bredon's  Norton , 

Bredon ,.. 

Shuthanger   and    Shoebarrow   Commons, 
Tewkesbury 


P. 
G. 
G. 
G. 
?GorP. 
G. 
G. 
G. 
G. 
I. 
I. 
G. 

G. 


224 

124 

280 

180 

200 

120 

160 

80 

IfiO 

103 

!      120 

70 

120. 

80 

150 

110 

140 

110 

120 

70 

104 

67 

114 


88 


Freshwater  Series,  ranging  from  274  feet  to  about  SO  feet  above  wa- 

leveh 

Beds  of  gravel  and  sand  from  between  Rugby  and  Stoneleigh  to  near 
Tewkesbury,  ranging  from  about  10  feet  in  the  upper  ralley,  to  40  feet 
in  the  lower  ralley,  above  the  existing  river. 

Modem  alluvium  from  Rugby  to  Tewkesbury. 

Brickearth  at  Bengeworth  and  Bricklehampton  Bank  near  Cropthome. 

Peat- bed  at  Chadbiury. 

*  The  heights  above  the  river  are  measured  from  the  point  nearest  to  the 
locality.  The  sign  «#  indicates  the  presence  of  marine  shells  and  mammalian 
reinainB  ;  S  indicates  mammalian  remains  without  marine  shells. 
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Part  n.  Th?  Sxjpebficial  Dsposits  of  the  Sevebw  valley  akd 
ADJOiKnra  Distbict. 

Introductory  JRsmarles. — ^In  order  to  carry  out  the  object  I  had  in 
yiew  at  the  commencement,  of  making  the  descriptions  of  the  facts 
belonging  to  the  subject  of  this  paper  in  a  great  measnre  snpple-i 
mentary  to  those  of  othera,  I  shall  limit  m3r8elf,  as  much  as  possible, 
to  a  statement  of  such  of  them  as  I  beJieye  have  not  yet  been 
brought  under  the  notice  of  the  Society. 

Literature  of  the  Subject — Sir  Eoderick  Murchison,  I  believe, 
first  brought  nnder  the  notice  of  geologists,  in  the  *  Silurian  System,' 
the  discovery  of  marine  shells  and  mammalian  remains  in  the  drift 
of  the  Severn  Valley,  near  Worcester ;  but,  as  far  as  I  am  aware, 
no  detailed  account  of  the  facts  connected  with  the  nature  and  mode 
of  occurrence  of  the  gravels  and  clay  of  the  Severn  valley  and  its 
neighbourhood  was  published  until  a  paper  appeared  (in  the  Quart. 
Joum.  GeoL  Soc.  1864,  vol.  xx.  page  130)  entitled  **  Notes  on  the 
Drift  Deposits  of  the  Valley  of  the  Severn  in  the  neighbourhood  of 
Coalbrook  Dale  and  Bridgnorth,"  by  Mr.  Geo.  Maw,  F.G.S.,  in  which, 
after  mentioning  the  names  of  other  geologists  in  the  same  field,  the 
author  described  some  remarkable  sections  of  deposits  containing 
marine  shells. 

At  page  dxvi  of  the  Strickland  Memoirs  the  following  passage 
occurs  : — "  Dr.  Falconer  conceives  that  there  exists  in  the  valley  of 
the  Severn  an  old  Jluviatile  Pliocene  deposit  of  great  extent,  con- 
taining the  usual  association  of  Pliocene  mammalia — Elephas  anti- 
quuSy  Hippopotamus  major ,  Bison,  Deer,  &c.,  with  freshwater  shells ; 
and  also  overlying  beds  of  gravel,  which  are  described  as  Estuarine, 
and  drift-gravel  containing  a  few  marine  shells ;  Cardium  and  Tur-^ 
riUlla,  and  the  mammalian  remains  of  the  Glacial  period — Elephat 
primigetiiuSf  Rhinoceros  tichorhinus.  Reindeer,  Horse,  &c/'  See  Dr 
Falconer's  views  (Proc.  Geol.  Soc.  1856-57,  page  5,  dec).  Wishing  to 
refer,  if  possible,  to  the  original  remarks  of  so  eminent  an  authority 
as  the  late  Dr.  Falconer,  I  sought  for  the  reference  given,  but  with- 
out finding  there  any  allusion  to  the  subject  of  the  foregoing  quota-^ 
tion.  I  then  wrote  to  Sir  W.  Jardine,  who  informed  me  that  the 
reference  alluded  to  was  to  be  found  in  vol.  xiii.  page  307  of  tho 
Journal ;  but  up  to  the  present  time  I  have  failed  to  discover  it. 

Beferring  to  the  account  of  the  Severn  valley  and  its  geological 
features  between  Shrewsbury  and  Bridgnorth,  given  in  the  paper  by 
Mr.  Maw,  already  mentioned,  1  need  only  add  that  below  Bridg- 
north the  river  continues  its  general  S.S. -easterly  course  as  far  as 
Tewkesbury,  passing  over  beds  of  New  Bed  marl  for  a  great  part  of 
the  distance.  As  we  approach  the  town  of  Worcester  the  valley 
opens  out  into  a  broad  undulating  vale,  about  7  miles  in  width,  ex- 
tending from  the  base  of  the  Msdvems  on  the  west  to  the  narrow 
watershed  on  the  east,  which  separates  it  from  the  valley  of  the 
Avon.  The  tide  rises  up  as  far  as  Tewkesbury ;  but  the  Severn,  like 
its  affiuent,  the  Avon,  is  much  altered  in  its  natural  course  by  locks 
and  weirs. 
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Drifts  of  the  "  Upper  and  Lower  Series.'" — Between  Shrewsbuiy 
and  Bridg^iorth  these  consist  for  the  most  part  of  (1)  Upper  gravel 
and  sand,  (2)  Unstratified  sandy  clay  "with  mnddy  gravel,^' 
(3)  Lower  gravel  and  sand.  According  to  the  observations  of 
Mr.  Maw,  the  greatest  vertical  development  of  them  occnrs  at  Stret- 
hill,  near  Ironbridge,  where  the  beds  (no.  2)  attain  a  thickness  of 
70  feet.  At  Frankwell,  Shrewsbury,  a  locality  where  marine  shells 
are  fonnd  in  considerable  abundance,  the  following  section  of  the 
beds  is  displayed  in  a  sand-pit  near  the  Ferry,  on  the  south  side  of 
the  Severn. 

ft  in. 

(1)  Vegetable  8oa   2    0 

(2)  Fine  grey-ooloured    grayel  and  sand,   with- a  few   large 

(3)  Bark-  and  light-ooloured  red  sand,  with  thin  layers  of  fine 

grey-ooloured  gravel  and  sand  (in  places  false-bedded)  ...  5    0 

(4)  Compact  mass  of  coarse  and  fine  muody  gravel,  with  a  dis- 

continuous band  of  light-red  sandy  clav,  about  a  foot  thick, 
containing  in  places  portions  of  light-brown  day   15    0 

(5)  Alternate  seams  of  light-red  and  grey-ooloured   sand  (in 

parts  laminated),  in  which  occur  layers  of  fine  grey  shingly 

gravel,  with  lenticular-shaped  masses  of  the  same  25    0 

Bottom  of  pit  

48    3 

The  above  Section  must  be  considered  only  approximately  cor- 
rect as  regards  the  thickness  of  the  beds,  on  account  of  the  loose, 
uncompact  nature  of  the  sands  and  gravel,  which,  falling  down  from 
above,  form  a  talus  obscuring  the  face  of  the  section.  Between 
the  beds  nos.  4  and  5  I  observed  two  large  angular  blocks,  about 
one  foot  apart,  Ipng  on  the  surface  of  the  sand ;  and  I  was  told  by 
one  of  the  workmen  that  a  la^e  rounded  boulder  of  grey  granite, 
i^hich  I  found  lying  at  the  bottom  of  the  pit,  had  fallen  from  the 
same  level.  At  the  north-Tvcst  end  of  the  pit,  near  the  surface  of 
the  ground,  was  seen  a  compact  mass,  exhibiting  alternate  layers  of 
dark  red  sandy  day  and  dark  red  sand,  in  which  signs  of  contortion 
were  marked.  I  observed  a  few  small  pebbles  sticking  in  it,  but  no 
boulders.  In  the  heaps  of  gravel  at  the  bottom  of  the  pit  were 
numerous  scratched  pebbles,  and  small  boulders,  many  of  which 
were  flat  on  one  siirf^ce.  The  marine  shells,  some  of  which  were 
entire,  but  most  of  them  fragmentary,  appeared  to  occur  chiefly  in  the 
light-grey-coloured  shingly  gravel.  On  the  occasion  of  a  third  visit 
to  the  spot,  a  clearing  away  of  a  large  talus  of  ddbris  towards  the 
west  side  of  the  pit  exposed  a  thick  deposit  (no.  6)  of  bright-red 
sand,  containing  but  few  seams  of  shingly  gravel. 

As  examples  of  the  general  character  of  the  deposits  in  the 
neighbourhood  of  Worcester,  I  have  selected  those  found  in  the 
gravel-pits  of  Kempsey  and  Hawford  Bridge. 
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Section  in  gravd-pit,  Kempsiy. 

Surface  of  ground.  ft.  in. 

(1)  light-red  loam,  with  a  few  pebUei   • 2    0 

(2)  Dark-red  loam  and  pebbles 2    0 


(3) 
(4) 
(5) 


Dark-red  sand  0  3 

Fine  light-red  sand  and  grayel    1  10 

light-red  sand ^ 0  3 

fine  light-red  sand  (oblique! j  laminated)  and  grayel 1  0 

(7)  Dark-red  sand  0  3 

(8)  Fine  light-red  sand  (laminated  obliquelj),  gravel,  and  large 

pebbles   1  0 

(9)  Bed  sand  0  3 

(10)  Fine  light-red  gravel  and  sand  (obliquely  laminated) 1  6 

(11)  Bed  sand,  containing  lumps  of  red  marl 0  9 

(12)  fine  gravel  and   sand,   containing  a  large  proportion  of 

greenish-coloured  pebbles,  with  many  large  pebbles  inter- 
mixed   2  0 

(13)  Clean  red  sand  and  shingly  gravel,  containing  pebbles  about 

the  size  of  a  bean 1  6 

Uneven  surface  of  basement  rook  of  red  marl.  

14  7 

Secticm  in  a  gravel-pit  mar  Hawford  Bridge, 

A  compact  bed  of  gravel,  made  up  of  large  and  small  pebbles  of 
the  ordinaiT  hrpe ;  and  dark-red  loamy  sand.  In  the  upper 
part  of  the  bed  were  carbonaceous  seams,  about  2  inches  thick, 
dipping  at  a  slight  angle  towards  the  river 16    0 

New  red  marl. 

Composition  of  the  gravel. — ^The  pebbles  which  form  the  chief  con- 
stitnents  of  the  gravels  of  the  Severn  valley  between  Bewdley  and 
Tewkesbnry  are  composed  of  a  greenish  slaty-coloured  rock,  contain- 
ing veins  of  white  quartz,  the  presence  of  which  distinguishes  them 
in  great  measure  from  the  '*  general  quartzose  drift"  of  the  Avon 
district,  of  white  quartz^  felstone^  and  a  few  flints.  The  occurrence 
of  boulders  and  pebbles  of  grey  pophyritic  granite  is  most  frequent 
in  the  upper  portions  of  the  valley. 

Modem  alluvium, — ^This  deposit  appears  to  be  the  only  one  of 
proved  freshwater  origin  which  has  hitherto  been  found  in  the 
Severn  valley  between  Shrewsbury  and  Tewkesbury.  It  consists  of 
a  bed  of  silt,  to  all  appearance  like  that  of  the  Avon  valley.  Mr. 
Maw  has  kindly  supplied  me  with  the  following  details  of  a  boring 
made  near  the  edge  of  the  river's  bank,  close  by  BuOdwas  railway 
bridge. 

ft  in. 

(1)  Vegetable  soQ  1    0 

(2)  Stiff  loam  (Loess)     8    6 

Bunning  sand  2    0 

Gravel  simihir  to  that  at  Buildwas  station.    Freshwater 
mussels 4    6 

16    0 


(3) 
(4) 


Basement  rock  Wenlock  shale,  at  a  depth  of  7  ft.  below  the  river's 
surface. 
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Table  op  the  Locatjtieb  op  ihb  DBrFi!s  ot-  the  Valley  op  the 
Setebn  Ajn>  XDjomiSQ  Distbict,  with  theib  heights  above  the 

SEA. 

Upper  Series,  ranging  from  800  feet  to  SOO  feet  above  Hie  level  of  the 

sea. 


Looalitief. 


Approxiinate 

Hdght 

Height 

aboTO 

aboye 

Bea- 

ihe 

leyel. 

nyer. 

ft. 

ft. 

800 

780 

460 

300 

300 

200 

Barton,  near  Much  Wenlock,  Salop 

#Willey  Park,  near  Broseley  

^Stretnill,  near  Ironbridge 


Lower  Series,  ranging  from  300  feet  to  about  50  feet  above  sea-level. 


#Frankwell,  Shrewsbury  

Harrington,  Salop  

«Leighton,  near  Buildwas,  Salop    

^i^oSdwas 

«St.  James's  Pits,  Bridgnorth 

«Quat,  near  Bridgnorth  

Spring  Grove,  Bewdley 

Bailway-outting,  near  Bewdlej 

(Mount  Pleasant,  near  Bewdley) 

Burlish  Common,  Stourport 

HarUebury  Common 

Hawford  Bridge 

Barbourn,  Worcester 

ifNorthwick,  Worcester    

Perdswell,  Worcester 

*«Bromwich  Hill,  Worcester    

Boad-cuttine,  Langham  Brook 

Cutting  of  Worcester  and  Hereford  Railway 
#»Powick,  near  Worcester    

Two  cuttings  on  the  Leominster  Bailway 

«Kempsey,  near  Worcester 

Pisham  Ferry 

ttftFleet's  Bank,  SandUn,  near  Malvern  

Clifton,  near  Worcester 

#Upton-on-Sevem  (Bailway  Station) 

Tunnel  Hill,  Upton-on-Severn 

Bipple,  near  Tewkesbury  

Pull  Court,  Tewkesbury    

©Great  Malyem  (Railway  Hotel)   


280 

130 

250 

100 

260 

160 

270 

170 

250 

170 

220 

140 

250 

140 

250 

140 

300 

190 

160 

90 

94 

35 

98 

60 

100 

52 

90 

40 

90 

45 

86 

86 

95 

45 

110 

70 

80 

65 

160 

135 

120 

116 

57 

25 

55 

23 

270 

220 

60 

25 

63 

25 

100 

70 

GO 

30 

180 

150 

270 

240 

Fluviatile  Series,  ranging  from  130  feet  to  30  feet  above  sea-level. 

Modem  alluyiimi,  with  underlying  beds  of  gravel  and  eand,  containing 
freshwater  muaaels.  ^    o  o 
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Marins  iMh  and  Mammalian  remain», — ^A.  carefiiUy  compiled 
list  of  the  marine  Bhelk  from  the  drift  at  Btrethill  is  ipiyen  in  Mr. 
Maw's  paper  before  mentioned.  In  the  foregoing  table  of  localities 
I  have  distingnished  them  by  the  following  marks : —  «  «  Marino 
shells  and  Mammalian  remains ;  «  Marine  shells  without  Mam- 
malian remains ;  0  Mammalian  remains  without  marine  shells. 
They  represent  the  substance  of  the  information  which  I  have 
derived  from  rarioos  sources,  and  the  truth  of  which  may  require 
verification.  The  localities  where  marine  shells  have  been  hitherto 
most  abundantly  met  with  are  situated  between  Shrewsbury  and 
Bridgnorth,  whilst  the  mammalian  remains  have  been  at  present 
confined  exdusiyely  to  the  part  of  the  valley  lying  between  Wor- 
cester and  Tewkesbury — ^the  intermediate  area  between  the  St.  James's 
pits  below  BridgnorUi  and  Northwick  near  Worcester  not  having 
yielded  any  recorded  examples  of  either  class  of  remains,  as  far  as  I 
have  been  able  to  ascertain.  According  to  Mr.  Maw's  account, 
fragments  of  BheOs  were  found  in  the  sandy  unstratified  clay  at 
Strethill.  In  the  museum  at  Worcester  are  a  few  fragmentary 
specimens  labelled  TurriuUa  communiB,  Purpura  lapiUus^  Cy 
prina  ulandiea,  Jbc.,  which  were  procured  by  the  lato  Mr.  Jabez 
Allies,  of  Worcester,  from  Kempsey,  Bromwich  Hill,  &o,  I  have 
myself  collected  a  few  fragmentary  shells  from  the  grey  shingly 
gravel  and  sand  at  Kempsey  and  Upton-on-Sevem.  Mr.  Allies,  in 
a  pamphlet  on  *'  Particulars  of  a  Stratum  of  Coal  at  Powick  and 
Bromwich  Hill/'  mentions  that  at  the  latter  place  *^  a  fragment  of  a 
bone  of  some  large  animal,  which  lay  on  the  top  of  the  marl  (Bed), 
together  with  a  rhinoceros's  tooth,  and  several  recent  species  of 
marine  shells,  were  dug  out  from  the  bottom  of  the  gravel,  at  a 
depth  of  about  12  feet  from  the  surface."  He  also  says  that  '*  four 
teet^  of  a  rhinoceros  have  been  lately  dug  out  from  the  bottom  of  a 
pit  at  Meet's  Book,  Sandlin^  besides  sea-shells,  a  coronary  bone  of  a 
horse,  teeth,  and  a  fragmentary  horn  of  a  deer." 

Some  years  back,  portions  of  a  tusk,  and  teeth  of  a  species  of 
Elephant  were  dug  out  on  the  site  of  the  Imperial  Hotel,  Great 
Malvern.  According  to  Prof.  Dawkins's  list,  the  remains  hitherto 
found  in  drift  beds  of  tiie  Severn  valley  belong  to  the  following 
species  of  Mammalia : — EhinoeeroB  tichorhinu^  and  Elephas  pri- 
migeniu$» 

BeeapitulaHon  of  ike  principal  Faci$. — Commencing  with  the 
Avon  valley  and  district^  I  have  endeavoured  to  show  that  the  Blue 
lias  clay  of  the  higher  ground,  for  some  distance  on  each  side  of 
the  valley,  and  in  some  of  the  minor  valleys  near  Bugby,  is  covered 
extensively  by  a  Boulder-day,  above  which  is  found  a  stratified 
deposit  of  quarteose  flinty  gravel,  whilst  beneath  it  a  thick  bed  of 
finely  laminated  sand  forms  the  lowest  stratum  hitherto  discovered. 
In  the  diskict  of  the  New  Bed  marl,  a  red  unstratified  sandy  clay, 
and  beds  of  quartzose  gravel  containing  a  few  flints,  are  found  in 
place  of  the  purple-coloured  Boulder-day  and  stratified  flinty  gra- 
vel above  referred  to,  underneath  which  the  laminated  sand  occurs 
also  as  litf  as  the  hUls  of  Cracombe  and  CharltoQ.    On  the  north 
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side  of  tbe  main  vallej,  between  Evesliam  and  Tewkesbnry,  isolated 
patches  of  the  unetratified  quartzose  flinty  gravel  of  tbe  lower  seiieft 
occur  on  its  npper  edge,  at  Qreen  HOI,  Evesbam,  and  Mount  Pleasant, 
Pershore,  wlulst  over  portions  of  the  main  vsdlej  itself  similar  beds 
are  distributed  at  elevations  varying  from  103  feet  to  67  feet  above 
the  hver.  At  the  southern  base  of  the  same  part  of  the  main 
vallej,  stratified  deposits  of  ''  Local  Drift"  are  met  with,  containing 
a  small  percentage  of  quartzose  pebbles,  flints,  and  quartzose  sand, 
as  at  Beckford,  where  marine  shells  and  mammalian  remains  have 
been  found.  They  appear  to  extend  around  a  considerable  portion 
of  the  lower  part  of  Bredon  Hill,  and  may  perhaps  be  considered 
to  form  a  sort  of  link  serving  to  connect  the  unstratifled  gravel 
of  the  lower  series  of  the  Avon  district  with  the  stratified  beds  of 
the  Severn  valley  which  contain  marine  shells  and  mammalian 
remains.  1  have  also  attempted  to  show  that  the  freshwater  beds 
of  gravel  and  brick-earth  constitute  platforms,  divided  throughout 
their  length  by  the  present  river,  but  capable  of  being  classed  as 
one  deposit,  which  appears  to  me  distinguishable  from  the  adjacent 
unstratified  beds  of  the  lower  series. 

On  reviewing  the  phenomena  presented  by  the  drifts  of  the 
Severn  valley,  we  find,  for  the  most  part,  but  little  resemblance 
between  them  and  the  superficial  deposits  of  the  Avon  valley  and 
district.  In  some  localities  there  are  compact  beds  of  loamy  gravel, 
rarely  containing  marine  shells,  which  somewhat  resemble  the  un- 
stratified drifts  of  the  lower  series  in  the  Avon  valley.  In  others 
we  encounter  cleanly  washed  stratified  sands  and  gravels,  such  as 
have  not  been  found  in  any  part  of  the  Avon  district.  The  absence 
of  any  deposit  resembling  the  freshwater  gravels  and  brick-earths 
of  the  Avon  valley  and  some  of  its  tributaries  is  remarkable,  their 
position  with  regard  to  the  river  being  occupied  in  the  Severn  val- 
ley by  beds  containing  a  few  traces  of  marine  ^ells  and,  occasionall}-, 
mammalian  remains* 

HemarJcs  on  the  Evidence  hearing  vp&n  the  origin  of  the  Freshwater 
Gravels  of  the  Avon  Valley, 

Leaving  out  of  the  question  any  speculative  attempts  to  correlate 
the  drifts  of  the  upper  and  lower  series  in  the  districts  of  the  Avon 
and  Severn,  as  being  premature  in  the  present  state  of  our  know- 
ledge of  the  subject,  I  propose  to  confine  the  following  observations 
to  the  evidence  dcduciblo  from  the  facts  already  known  regarding 
the  probable  conditions  which  gave  rise  to  the  accumulation  of 
freshwater  gravel  in  the  Avon  valley.  The  supposition,  made  by 
Strickland,  to  explain  the  occurrence  of  gravel  containing  fresh- 
water shells  and  mammalian  remains  at  Eckington  and  Defibrd, 
and  its  connexion  with  the  unstratified  quartzose  flinty  gravel  at 
Bredon,  is  as  follows : — *^  I  can  ofier  no  other  explanation  than  that 
formerly  proposed,  viz.  that  after  the  beds  of  marine  gravel  had 
been  deposited  where  we  now  find  them,  and  had  been  laid  dry  by 
the  Novation  of  the  land,  a  large  river,  or  chain  of  lakes,  extended 
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down  the  valley  of  the  Avon,  at  a  height  of  from  20  to  50  feet 
above  its  present  course,  and  that  the  gravel  previonsly  brought 
into  the  district  by  marine  currents  was  remodified  by  the  river- 
stream,  and  mixed  up  with  the  remains  of  the  mammaHa  and  mol- 
lusca  which  tenanted  its  banks  or  its  waters"  (see  Brit.  Assoc.  Re- 
ports, vol.  vi.  Sections,  p.  64).  I  submit  that  the  above  view  may 
be  extended  to  other  portions  of  the  same  area.  Thus  there  appears 
to  be  evidence  of: — 

(1)  A  former  time  when  the  main  valleys  of  the  Avon  and  Severn 
exuted  pretty  much  in  the  state  in  which  we  now  find  them. 

(2)  A  period  when  the  greater  portion  of  them  were  filled  up,  to 
a  considerable  extent,  with  the  drifts  of  the  upper  and  lower  series, 
during  the  latter  part  of  which,  perhaps  when  the  land  was  emer- 
ging, an  arm  of  the  sea  occupied  the  lower  portions  of  the  Avon  and 
Severn  valleys,  reaching  probably  to  a  height  of  from  200  to  300 
feet,  or  thereabouts,  above  the  present  sea-level,  at  which  time,  we 
may  suppose,  with  Sir  E.  Hurchison,  that  the  mammalian  remains 
found  near  Worocster  were  washed  into  the  ancient  estuary  from 
the  neighbouring  land-surfaces  by  sudden  and  local  fioods,  and 
imbedded  along  with  marine  shells  in  the  beds  of  sand  and  gravel, 
the  negative  evidence  of  the  absence  of  freshwater  shells,  coupled 
with  the  occurrence  of  marine  shells,  preventing  our  having  recourse 
to  fiuviatile  agency  for  their  transport.  At  the  same  time  proba- 
bly, the  local  drift  at  the  base  of  Brcdon  Hill,  containing  marine 
shells  and  remains  of  mammalia,  was  deposited. 

Towards  the  dose  of  this  period,  and  probably  after  the  state  of 
things  just  described  had  passed  away,  the  sea  having  receded  to 
about  its  present  position  by  a  further  elevation  of  the  land,  and 
the  action  of  the  retiring  waters  having  perhaps  scooped  out  chan- 
nels in  the  marine  deposits  in  parts  of  the  valleys,  leaving  eroded 
surfaces  of  clay  and  marl,  upon  which  is  found  so  largo  a  percent- 
age of  the  mammalian  remains,  the  ancient  river  Avon  brought 
down  detritus  derived  from  the  adjacent  beds  of  marine  gravel, 
redepositing  it  in  stratified  bods  along  with  land  and  freshwater 
shells  over  the  surface  of  the  clay;  whilst  the  river  Sevem,  in  its 
turn,  may  have  borne  the  detrital  matter  brought  down  from  the 
marine  deposits  of  the  valley,  along  its  comparatively  straight 
course,  towards  the  sea.  This  process  of  removal  and  redeposition 
may  be  supposed  to  have  gone  on  until  the  final  excavation  of  the 
beds  of  the  rivers  through  the  basement  clay  and  marl  to  depths  of 
about  30  and  50  feet  respectively,  as  evidenced  by  the  banks  over- 
hanging the  present  rivers  in  various  localities,  had  reduced  them  to 
their  present  levels.  Finally,  the  rivers  having  attained  a  state  of 
equilibrium,  they  deposited  the  silt  and  vegetable  matter  brought 
down  in  times  of  flood,  and  spread  them  out  in  beds  of  modem 
alluvium.  The  foregoing  outline  of  the  probable  succession  of 
events  belonging  to  the  later  geological  history  of  the  district  is,  it 
must  be  confessed,  manifestly  imperfect,  and  inadequate  to  explain 
satis&ctorily  many  of  the  facts,  partly  owing  to  the  necessarily 
meagre  amount  of  positive  evidence  attainable,  and  partly  depend- 
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ing  upon  the  restricted  area  of  the  district  under  review.  In  order 
to  explain  the  lowering  of  the  bed  of  the  Avon  by  an  increased 
velocity  of  its  stream,  Strickland  supposes  a  "  further  elevation  of 
the  land/'  to  quote  his  words ;  but  it  appears  to  me  necessary  to  call 
in  the  agency  of  unequal  elevation,  the  inland  district  of  "Warwick- 
shire having  risen  more  rapidly  than  the  portion  nearer  the  sea,  as 
Sir  C.  Lyell  supposes  to  have  been  the  case  in  reference  to  the  denu- 
dation of  the  Loess  of  the  Rhine,  if  we  are  to  resort  to  a  cause  of 
which,  as  far  as  I  am  aware,  no  collateral  evidence  exists. 

Concluding  Bemarhs. — It  would  be  interesting  to  know  how  far 
the  evidence  afforded  by  the  marine  moUusca  found  in  the  drift  of 
the  Severn  valley  may  be  able  to  explcdn  the  probable  conditions 
under  which  the  latter  was  deposited.  The  late  Edward  Forbes,  in  his 
valuable  paper  ''  On  the  Geological  Eolations  of  the  existing  Fauna 
and  Mora  of  the  British  Isles"  remarks  that,  Littorinm^  Purpurcsy 
A;c.  are  genera  and  species  definitely  indicating,  not  merely  a  shal- 
low water,  but  a  coast-line.  Begarding  the  evidence  at  present 
obtainable  from  the  mammalian  remains  found  in  the  beds  contain- 
ing marine  sheUs  at  Beckford,  and  in  the  neighbourhood  of  Wor- 
cester, and  those  flrom  the  freshwater  gravels  of  the  Avon  and  some 
of  its  tributaries,  it  appears  that  the  number  of  species  is  much  less 
in  the  former  than  in  the  latter. 

In  thus  venturing  to  bring  the  subject  of  this  paper  before  the 
notice  of  the  Society,  I  may  perhaps  be  allowed  to  state  that  I  have 
no  pet  theory  to  support,  and  no  inclination  to  throw  "smaU 
stones"  at  those  of  others,  my  chief  object  being  to  leave  the  subject 
in  such  a  condition  that  future  observers  may  be  able  to  take  up 
its  further  investigation  at  the  point  where  I  have  left  off. 

In  conclusion,  let  me  tender  my  best  thanks  to  many  kind  Mends 
for  their  zeal  in  forwarding  the  objects  of  the  present  inquiry. 

DiBcrssioiT. 

Mr.  Seibles  Y.  Wood,  Jun.,  had  long  been  aware  of  the  existence 
of  both  the  Chalky  Boulder-Clay  and  the  Middle  Glacial  Sand  near 
Eugby.  He  pointed  out  the  difference  between  the  fauna  of  the 
sands  of  the  Severn  valley  and  that  of  the  Middle  Glacial  sand  of 
East  Anglia,  and  thought  it  scarcely  possible  that  the  two  sands 
could  be  identical. 

Mr.  Gwnr  Jepfrbts  was  doubtful  as  to  the  authenticity  of  some 
of  the  shells  which  had  been  brought  tK)  Mr.  Maw.  The  fossil  shells 
from  the  Severn  valley,  Wolverhampton,  Manchester,  and  Moel 
Tryfaen  were  nearly  identical,  and  indicated  raised  beaches.  He 
thought  it  possible  that  a  definite  line  of  such  beaches  might  even- 
tually be  recognized  through  that  part  of  England. 

Mr.  W.  Boyd  Dawxhts  did  not  consider  that  Mr.  Lloyd  had  shown 
any  marked  difference  in  the  mammalian  fauna  of  the  Avon  and 
Severn  valleys.  He  had  failed  to  discover  any  traces  of  El^has 
ntiquus  in  either. 

Mr.  Fbebtwich  thought  that  Mr,  Jioyd  had  probably  divided  the 
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superficial  beds  into  too  many  separate  depositSy  though  the  facts 
brought  forward  were  of  great  value. 

Mr.  Eyavs  mentioned  that  he  had  received  information  of  the 
discovery  many  years  ago  of  a  Hint  implement  in  association  with 
the  bones  of  extinct  mammals  at  Lawford.  This  implement  had 
been  exhibited  at  the  time  to  the  Geological  Society,  but  had  disap- 
peared after  the  meeting. 

Mr.  Lloyd  and  Mr.  Wilson  briefly  replied. 
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1.  AvsTBALTAir  Mssozoic  GsoLooT  and  Paljboitcologt. 
By  Charlbs  JIooius,  Esq.,  F.G.S. 

[Plates  X.-XVni.] 

(Bead  Noyember  10, 1869*.) 

Thb  early  pioneers  of  Australian  colonization  were  too  intent  upon 
the  practical  concerns  of  daily  life  to  give  much  attention  to  scien- 
tiiic  investigations,  and  they  consequently  overlooked  many  sources 
of  wealth  which  they  have  since  learnt  were  within  their  reach. 

The  subsequent  discovery  of  the  mineral  treasures  possessed  by 
the  Australian  colonies  has  shown  the  importance  of  their  more 
minute  and  careful  survey,  and  has  given  an  impetus  to  the  study 
of  their  geological  characters. 

The  first  steps  in  the  exploration  of  a  new  country  would  natu- 
rally be  the  determination  of  the  prevailing  geological  formations ; 
and  as  time  and  opportunity  permitted  their  minuter  subdivisions 
would  have  to  be  worked  out,  and  correlated  with  any  of  their  cqui- 
valentB  in  other  parts  of  the  world. 

In  this  way  it  was  soon  established  that  the  chief  sedimentary 
deposits  in  Australia  were  either  Paheozoic  or  Tertiary,  and  it 
seemed  to  be  the  prevailing  opinion  that  the  great  intermcMliato  for- 
mations included  in  the  Mesozoic  group,  comprising  the  Triassic^ 
Jurassic,  and  Cretaceous  rocks,  were  altogether  absent. 

We  have  been  slowly  learning  that  these  conclusions  were  too 
hastily  arrived  atf;  and  it  is  at  last  incontrovertibly  established 
that  some  of  the  missing  Mesozoic  beds  are  represented  on  the  great 
Australian  continent. 

Setting  aside  the  question  of  the  geological  age  of  the  coal-beds 
of  Newcastle  in  New  South  "Wales,  respecting  which  there  was  a 
difference  of  opinion  amongst  both  Australian  and  other  geologists 
(the  Bev.  W.  B.  Clarke  considering  them  to  bo  of  true  Carboniferous 

*  For  the  diBCUssion  on  this  paper  see  p.  2  of  the  present  Tolume  of  the 
Journal. 

t  Ab  already  shown  hj  the  Sev.  W.  B.  Clarke,  in  his  notice  of  "  Marine 
Fossiliferous  Secondary  Formations  in  Australia,"  Quart.  Joum.  QeoL  Soc  toL 
xriii.  p.  7,  1867. 
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age,  a  fact  which  is  now  generally  recognized,  whilst  by  others  they 
were  referred  to  the  Jurassic  or  the  Triassic  period  *),  the  first 
positive  eyidence  that  was  made  known  of  any  fossils  of  Mesozoic 
age  was  through  the  researches  of  F.  T.  Gregory,  Esq.,  who,  in  a 
paper  on  "  The  Geology  of  a  part  of  Western  Australia,"  communi- 
cated to  the  Society  by  Sir  Boderick  Murchison,  and  published  in 
the  Quarterly  Journal,  voL  xvii.  1861,  p.  475,  notices  the  presence 
of  what  he  considers  Cretaceous  rocks  in  that  district.  The  group, 
he  remarks,  partly  consists  of  chalk-like  rocks  and  ferruginous  sand- 
stone, containing  Ammonites,  jyigonice,  and  Pectens.  '*  The  bed  of 
the  Greenough  river,"  he  states,  "is  the  best  spot  for  procuring  speci- 
mens, although  a  few  are  to  be  found  in  the  chalk-hills  near  Gingin 
(spines  of  Echinoderms  (fee.)."  The  specimens  exhibited  at  the  read- 
ing of  Mr.  Gregory's  paper  are  now  in  the  possession  of  the  Geological 
Society,  and  consist  of  a  single  cast  of  Trigonia  Moorei  (Lycett),  and 
a  very  much  worn  Pecten,  of  uncertain  species,  both  evidently  of  Oolitic 
age.  They  were  accompanied  by  a  Ventriculites  in  flint,  and  a  portion 
of  a  chalk  Ammonite,  and  also  by  a  considerable  number  of  specimens 
of  the  age  of  the  Carboniferous  Limestone. 

Meagre  as  was  the  evidence  thus  afforded,  it  was  stiU  sufficient 
to  show,  for  the  first  time,  the  presence  of  two  groups  of  Mesozoic 
rocks,  the  Oolitic  and  the  Cretaceous,  in  Western  Australia. 

It  is  not  improbable,  from  the  remarks  of  Mr.  Gregory,  that  the 
latter  are  in  situ ;  but  hitherto  we  have  no  record  of  the  actual  pre- 
sence of  stratified  Oolitic  beds.  It  is  probable  that  the  two  speci- 
mens may  have  been  obtained  from  the  bed  of  the  Greenough  !EUver, 
as  they  are  evidently  drifted  fossils,  a  character  which  will  be  found 
to  be  general  with  other  remains  to  be  hereafter  noticed. 

The  next,  and,  up  to  this  time,  the  most  important  notice  con- 
nected with  the  Mesozoic  Australian  fauna  was  due  to  the  Rev. 
W.  B.  Clarke,  and  related  to  the  discovery,  by  Mr.  Gordon,  in  the 
neighbourhood  of  Wollumbilla,  of  a  large  number  of  organic  remains 
which  will  be  more  fuUy  noticed  hereafter.  These  were  to  have  been 
in  England  in  time  for  the  last  Exhibition,  but  had  not  then  arrived. 

In  that  Exhibition,  however,  there  might  have  been  noticed  a  set 
of  fossils,  forwarded  by  Mr.  Shentont*  rom  the  Greenough  Flats  and 
other  districts  of  Western  Australia,  which  were  not  only  the  most 
numerous  but  the  best-preserved  Australian  secondary  fossils  that 
had  yet  been  publicly  exhibited  in  this  country.  These  consisted  of 
Ammonites  macrocephaltis,  Belemnites  canaliculatus,  Trigonia  Moorei, 
and  species  of  Ostrea,  Lima,  Astarte,  CfucuUcea,  Afyacites,  Bhyncho^ 
nella,  &c.,  all  evidentiy  of  Oolitic  types,  and  identical  with  species 
that  wiU  be  noticed  below  as  occurring  in  Mr.  Sanford's  collection. 
I  could  not  open  the  cases  to  give  them  a  very  critical  examination ; 
but  there  appeared  to  be  about  fifteen  species  in  the  series,  together 
with  fossil  wood,  apparently  from  the  same  formation.  In  addition 
to  the  above,  there  was  a  siliceous  cast  of  a  Micraster  from  the  chalk, 
and  some  v^etable  impressions  in  a  cherty  sandstone,  the  age  of 
which  I  could  not  recognize.  I  had  hoped  to  secure  these  fossils, 
*  See  W.  B.  Clarke,  Quart.  Journ,  Q«ol.  Soo.  vol.  xxiiL  p.  Ih 
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but  found  thej  had  already  been  sold,  and  I  learnt  that  they  were 
afterwards  eonveyed  to  Portugal. 

In  a  paper  read  at  the  BritiBh  Association  Meeting  at  Cambridge, 
in  1862  (see  Beport  of  Transactions  of  Sections,  p.  83),  I  gave  an 
account  of  a  series  of  secondary  fossils  which  I  had  found  displayed 
in  a  temporary  museum  at  a  Meeting  of  the  Somersetshire  Archseo* 
logical  and  Natural-History  Society  at  ^Yellington.  These  had  been 
collected  and  sent  over  to  this  country  by  Mr.  Clifton,  a  good  observer 
and  naturalist  in  Western  Australia.  They  were  exhibited  by  W. 
A.  Sanford,  Esq.,  F.Q.S.,  of  Nynehead  Court,  who  had  resided  in 
an  official  capacity  in  Western  Australia,  and  they  had  been  in  his 
possession  about  six  months.  He  informed  me  that  they  had  been 
more  than  twelve  months  in  reaching  England,  that  he  had  previ- 
ously seen  and  examined  them  in  the  colony,  whilst  in  the  hands  of 
Mr.  Clifton,  and  that  he  had  remarked  to  him  how  much  tUey  appeared 
to  resemble  European  forms.  They  had  been  in  the  possession  of 
Mr.  Clifton  for  several  years :  hence  it  appears  that,  although  they 
had  not  been  made  known  before  my  paper  above  referred  to,  they 
wore  really  the  earliest  evidence  obtained  of  the  presence  of  Meso- 
zoic  beds  on  the  Australian  continent.  The  Bev.  W.  B.  Clarke  has 
alluded  to  some  of  the  fossils  of  this  series  in  papers  in  the  Journal 
of  the  Geol.  Soc,  voL  xxiii.  p.  8,  and  in  a  contribution  to  the  American 
Journal  of  Science  for  May  1868, 

The  only  addition  that  has  been  made  to  our  knowledge  of  the 
Australian  Secondary  rooks  and  their  fauna,  since  the  above,  has 
been  the  description,  by  Frof.  M^Coy,  of  a  portion  of  an  lehihyo-- 
saurua,  which  he  has  described  under  the  name  of  /.  auitrality  and 
which  he  supposes  may  be  from  the  Lower  lias.  The  only  account 
I  have  seen  of  this  discovery  is  in  the  '  Illustrated  Australian 
News'  of  Sept.  6,  1868,  in  which  are  figures  of  a  portion  of  a  head, 
with  the  eye  well  perserved,  a  part  of  a  paddle,  eight  vertebne,  and 
fragments  of  three  ribs.  These  remains  were  described  by  Prof, 
M^Coy,  at  a  Meeting  of  the  Australian  Boyal  Society — ^though  in  the 
abstract  of  the  paper  no  description  of  the  locality,  or  sections  of 
the  strata  from  which  it  was  obtained,  are  given.  When  perfect, 
the  specimen,  it  is  stated,  must  have  been  about  30  feet  long,  in 
which  case  it  would  have  been  nearly  equal  in  size  to  our  largest 
European  species.  It  would  be  important  to  learn,  from  any  assoei-^ 
ated  fossils,  whether  this  is  a  Liassic  species,  or  if  it  comes  from  one 
of  the  members  of  the  Oolitic  series ;  for  up  to  this  time  I  have  seen 
no  organic  remains  which  indicate  a  Lower-Lias  fauna  in  Australia, 
though,  as  I  shall  show  that  the  Middle  and  Upper  lias  are  there 
represented,  there  appears  to  be  no  reason  why  tiie  Lower  Lias  also 
should  not  be  found. 

Having  given  the  above  summary  of  our  knowledge  of  the  Mesozoio 
geology  and  palfieontology  of  Australia  up  to  this  time,  I  have  now 
to  offer  more  detailed  evidence  on  these  points;  and  I  shall  de<» 
monstrate  the  existence  of  a  Secondary  fauna  in  Western  Australia 
and  in  the  Queensland  colony,  much  larger  than  has  hitherto  beeu 
supposed. 


Digitized  by 


Google 


KOOBE — ^AUSTBALIAK  XESOZOIO  010L007.  229 

Wegtem  Australia, — like  the  organic  remfdns  sent  by  Mr.  Shenton 
to  the  Exhibition  in  1862,  those  forwarded  by  Mr.  Clifton  to  Mr. 
Sanford  were  unfortunately  unaccompanied  by  any  predse  description 
of  the  beds,  or  the  locality  from  which  they  were  derived.  Mr. 
Sanford  informs  me  he  believee  the  latter  were  obtained  near  either 
Shark's  Bay  or  Champion  Bay,  Western  Australia,  his  strong  im-^ 
pression  being  that  they  are  from  the  former  locality.  In  this  cose 
their  locality  would  be  nearly  150  miles  north  of  the  Grconough 
flats,  from  which  districts  the  specimens  sent  by  Mr.  Shenton  to 
the  Exhibition  were  said  to  have  come.  Mr.  Sanfbrd  also  informs 
jne  that  a  soft  limestone  deposit  extends  in  this  district  for  some 
distance  nearly  parallel  with  the  coast,  lying  on  older  gneiss  and 
Palaeozoic  rocks,  which,  in  tho  interior,  contain  copper  and  lead. 
He  believes,  from  information  he  received,  when  in  the  colony,  from 
Mr.  Gregory  and  others,  that  this  limestone  may  also  be  found  in 
many  places  on  the  coast  itself*. 

On  first  examining  the  specimens  from  Western  Australia,  I  at 
onco  observed  that  their  matrix  presented  different  lithologicol  cha- 
racters, such  as  might  be  expected  to  occur  with  remains  derived 
either  from  various  beds  in  the  same  geological  formation,  or  still 
more  probably  should  they  have  been  obtained  from  formations  of 
different  geological  ages.  Mere  lithology  is  not  always  a  safe  guides 
and  the  less  so  when  beds  have  to  be  correlated  from  points  so 
wide  asunder  as  Australia  and  England :  but  in  this  instance  there 
eould  scarcely  be  a  mistake ;  and  even  had  no  distinctive  fossils  been 
present,  a  geologist  acquainted  with  the  secondary  rocks  of  England 
and  Europe  could  hardly  have  tailed,  to  refer  the  greater  number  of 
the  specimens  to  the  horizon  of  the  Lower  Oolitic  rocks.  Associated 
with  these  were  Upper-lias  species,  whose  matrix  was  perfectly 
identical  with  a  ferruginous  or  variegated  limestone  of  the  Upper 
Lias  occurring  near  Bath,  where  it  is  only  about  two  feet  in  thickness. 
And  the  Middle  Lias  or  Marlstone  was  not  left  unrepresented ;  for 
fr*om  this  formation  Myadtes  liamanut,  Quenst.,  and  a  Pholadomya 
occur. 

The  Middle  lias  is  the  formation  from  which,  in  the  north  of 
England,  such  an  enormous  quantity  of  iron  is  being  manufactured, 
the  beds  yielding  an  average  of  32  per  cent,  of  metallic  iron.  It  is 
not  a  little  remarkable  that  this  comparatively  thin  horizon  of  the 
eaith's  crust  should,  at  the  antipodes,  present  similar  mineralogicol 
conditions.  I  have  had  portions  of  two  of  the  blocks  analyzed ; 
one  of  them  gave  40  and  the  other  66  per  cent,  of  metallic  iron. 
In  this  way,  lithologically,  and  almost  without  the  evidence  of  the 
fauna  they  contain,  the  Western- Australian  specimens  might  be 
decided  to  be  contemporaneous  with  the  Lower  Oolites  and  tho 
Upper  and  Middle  lies  of  this  country,  from  which  they  are  16,000 
miles  separated. 

The  separate  blocks  or  specimens  in  my  possession  from  Western 
Australia  are  about  sixty  in  number,  and  include  many  duplioates 

*  These  Ummtones  are  referred  by  Mr.  Gregory,  though  with  some  doubt,  to 
the  Qretaceous  aeries.    (Quart  Journ.  Geol.  Soo.  voL  xvii.  1861,  p.  477.) 
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of  species.  A  single  block  of  stone,  about  10  inches  by  6  inches, 
from  the  Oolite,  shows  that  the  deposit  from  which  it  was  deriyed 
must  have  been  very  fossiliferous ;  for  within  this  space  I  have  been 
able  to  detect  as  many  as  thirty  species,  belonging  to  the  genera  Amnuh- 
nites,  Belemnites,  Trigonia,  Pecten,  Lima,  CucuUaxi,  AvicuUif  Turbo, 
and  other  univalves,  Bhynchonella,  Teredo,  Pentacrinus,  &c.  The  shells 
are  crowded  upon  one  another  in  the  greatest  abundance,  the  bivalves 
being  generally  in  single  valves,  showing  that  they  were  probably 
not  deposited  under  tranquil  conditions,  or  that  they  were  not  im- 
mediately covered  up;  and  the  same  may  be  inferred  from  the 
somewhat  worn  character  of  the  fossils,  which,  in  some  instances, 
prevents  their  specific  determination.  With  all  the  Australian 
Secondary  deposits  that  have  come  under  my  notice  much  drift- 
wood is  found ;  and  this,  in  some  instances,  has  become  mineralized 
and  converted  into  iron-ore.  The  block  of  stone  above  mentioned 
contains  the  impression  of  a  piece  of  wood  which  has  since  perished ; 
but  a  colony  of  Pholadidce,  which  had  originally  burrowed  into  it, 
still  remained,  about  thirty  of  the  shells,  though  in  bad  condition, 
being  present.  I  propose  for  it  the  name  of  Teredo  austrcdis  ;  and 
it  appears  to  be  the  oldest  representative  of  the  genus  yet  known. 

On  examining  the  series  from  Western  Australia,  not  only  is  the 
similarity  in  lithological  character  of  the  beds  with  those  in  this 
country  to  be  recognized,  but  the  specific  identity  of  many  of  their 
fossils  cannot  be  doubted.  I  was  especially  gratified  at  recognizing 
amongst  them  such  typical  and  well-known  forms  as  Ammonites 
Moorei,  Lycett  (PL  XV.  fig.  1),  A.  radiam  (PI.  XV.  fig.  2),  A. 
Walcottii*,  and  Nautilus  semistriatus  of  the  Upper  lias,  whilst 
A.  Brocchiiy  Belemnites  canalictdatus  &c,,  represent  organisms  from 
the  Inferior  Oolite.  Lima  prohosddea  and  Ostrea  Marshii  appear  to 
have  been  as  abundant  as  in  the  hills  around  Bath ;  and  Pecten  cinctus 
from  Australia  attains  the  same  large  proportions  as  in  this  country. 
The  Cornbrash  is  apparently  represented  in  AustraKa  by  Ammonites 
macrocepkalus  and  Avicula  echinata,  and  the  Middle  lias  by  the 
Myacites  Vvjssianus  before  mentioned.  It  should  be  remarked  that, 
as  the  Australian  Oolitic  species  which  are  common  to  this  country 
range  from  the  Inferior  Oolite  to  the  Cornbrash,  and  as  they  are 
mostly  found  associated  in  the  same  rock  in  Australia,  it  is  possible 
either  that  some  of  the  species  have  a  longer  range,  or  that  our  sepa- 
rate divisions  may  not  be  there  so  clearly  represented.  Nothing  is 
yet  reaUy  known  of  the  sections  from  which  the  fossils  come. 

It  will  be  seen  from  the  above,  that  the  organic  remains  have 
enabled  me  to  determine,  for  the  first  time,  the  presence  in  Australia 
of  the  faunas  of  the  Middle  and  Upper  Lias  and  the  Lower  Oolites ; 
and  when  I  come  to  the  Queensland  fossils,  equally  satisfactory  evi- 
dence will  be  adduced  to  show  that  the  Upper  Oolites  are  also  repre- 
sented on  the  Australian  continent. 

Out  of  the  comparatively  small  number  of  specimens  that  have 

^  Another  locality  in  Western  Australia,  yielding  Ammonites,  is  to  the  N.N.E. 
of  Wizard  Peak,  the  Rev.  W.  B.  Clarke  having  sent  me  photographs  of  A. 
radiant  and  A.  macroce^hahtt  from  thence. 
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come  into  my  hands  from  Western  Australia,  twenty  at  least  are 
species  identical  with  those  of  this  country;  and  had  it  not  heen 
for  the  worn  and  abraded  exteriors  of  many  of  the  others,  there  is  no 
doubt  that  the  list  which  follows  might  have  been  extended : — 

Organic  Bemains  common  to  England  and  Western  Australia* 

Ammonites  aalenais,  Tar.  Moorei,  Lycett,    Upper  lias. 
radians,  Bein.    Upper  lias. 

—  Walcottii,  Sow,    Upper  Lias. 

—  macrocephalns,  ScMoth,    Oolite. 

—  Broochii,  8ow»    Oolite. 

Nautilus  semis(7iatu8y  2>'Or5.    Upper  lias. 
Belemnites  canaliculatus,  MiU,    Oolite. 
OresslTa  donaciformis,  Goldf.    Upper  Lias. 
Hyacites  liassianus,  Querut.    Middle  Lias. 
CucdUaa  oblonga,  Sow.    Oolite. 
Pholadonrf^a  o?^um,  Ag,    Oolite. 
ATicola  Biunsteri,  GMf,    Oolite. 

ediinata)  Saw.    Oolite. 

Pecten  cinctus,  Sow.    Oolite. 

calYus,  Munst.    Oolite. 

Lima  proboicidea,  Sow.    Oolite. 

punctata,  Sow.    Oolite. 

Ostrea  Marshii,  Sow.    Oolite. 
Bhynchonella  yariabilis,  Schloth.    Oolite. 
Cristellaria  oultrata,  Montfort,    Oolite. 

Of  the  new  species  associated  with  the  above,  the  most  important, 
from  its  apparently  great  abundance  in  all  stages  of  growth,  is  the 
Trigonia  Moorei,  Lycett,  very  closely  allied  to  T,  costata,  Fifteen, 
more  or  less  perfect,  separate  yalves  of  this  shell  may  be  counted  in 
a  single  block.  The  single  valve  presented  by  Mr.  Gregory  to  the 
Geological  Society,  and  &e  example  sent  by  Mr.  Shenton  to  the 
Exhibition  from  the  Greenough  Flats,  belong  to  this  species. 
Knowing  the  interest  felt  by  Dr.  Lycett,  of  Scarborough,  in  this 
group,  I  forwarded  the  specimens  to  him,  and  he  has  feivoured  me  with 
tiiie  description  appended  to  the  species. 

The  Lamellibranchiata  appear  to  have  formed  a  very  marked  fea- 
ture in  the  Western  Austrdian  fauna,  about  twenty  genera  being 
represented  in  the  collection.  Besides  those  already  mentioned, 
CvcuUceay  Myacites,  Astarte,  and  Avicula  are  the  most  abundant. 
The  matrix  with  which  their  valves  is  Med  may  be  seen  to  be 
crowded  with  Encrinital  remains,  spines  of  Echini,  and  other  small 
oiganisms,  but  for  the  most  part  so  worn  as  not  to  be  recognizable. 

Of  the  Gasteropoda  there  are  &ve  or  six  genera,  but  nearly  aU  in 
very  bad  condition.  The  Brachiopoda  are  represented  by  a  single 
species,  Wiynchondla  variahilU,  of  which  there  are  many  examples  ; 
the  Entomostraca  by  a  single  species;  and  the  Eoraminifera  also 
by  a  single  species  of  world-wide  distribution,  the  Cristellaria 
cvltrata. 

Unfortunately,  with  all  the  Australian  fossils  there  is  an  absence 
of  sectional  detaHs.  The  fact  of  the  separate  blocks  having  organic 
remains  representing  several  European  formations,  and  the  abraded 
and  water- worn  condition  of  many  of  them,  lead  to  the  conclusion 
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that  they  were  not  obtained  from  the  parent  rook.  It  is  most  pro- 
bable that  they  were  found  either  in  a  boulder-  or  drift-depout^  or, 
like  tho06  of  Mr,  Shenton,  in  the  bed  of  Bome  dry  creek  or  river. 
This  opinion  is  strengthened  by  the  fact  that  the  surfaces  of  many 
of  them  must  have  been  exposed,  as  they  are  still  covered  with 
recent  lichens. 

General  List  of  Organic  Remains  from  Western  Australia, 


Pkntae. 

Cliona  (?). 

Cristellaria  cultrata,  Monif. 

Echini  (spines). 

Serpulffi. 

Entomostraca,  sp. 

PolyzoB,  sp. 

Bh^chonella  Tariabilis,  Schloth. 

Ayictila  Miinsteri,  Goldf. 

echinata,  Saw, 

insequiTalyis,  Saw, 

Lima  proboecidea,  Sow, 

punctata,  Sow, 

— —  dupUcata,  Sow, 

,  sp. 

Idma,  sp. 

Ostrea  Marshiii  Sow, 

,  two  sp. 

Plicatula,  sp. 
Pect«n  cinctua,  Sow, 

—  ealvuB,  MUnsi, 

'^—  GhreenoughiensiB,  Moore, 
Afltartd  Cliftoni,  Moore^ 

—  apicalis,  Moore, 

,  two  sp. 

Oardium,  sp. 
Cuoulleoa  oblonga,  Sow, 
^  three  sp. 


Cjprioardia,  sp. 

Gresslya  donaciformis,  Ag, 

Isocardiai  sp. 

Mjacites  liassianus,  Quentt^ 

Sanfordii,  Moore, 

,  two  sp. 

Pholadomja  oyulum,  Ag, 
Teredo  australis,  Moore. 
Tancredia,  sp. 
Trigonia  Moorei,  I^cett, 
Unicardium,  sp. 

Amberleya,  sp. 
Cerithium,  sp. 
Ealima(?\  sp. 
Phasianella,  sp. 
TrocbuB,  sp. 
Turbo  lasTigatus,  Sow, 

,  sp. 

Kissoina  australis,  Moore, 
Ammonites  aalen8is,yar.Moorei,2^^^. 

radians,  Bein, 

Brooohiii  Sow, 

maorooephalus,  SoUoth. 

Walcottii,  Sow, 

,  sp. 

Nautilus  semistriatus,  jy.Orb. 
Belemnites  canalioulatuBi  Schhtk, 

QUEENSULBH)  HeSOZOIC  FoSSILS. 

The  next  series  of  organic  remains  to  which  I  shall  refer  are, 
from  the  variety  they  present,  of  considerable  interest.  They  have 
all  been  forwarded  to  me  by  the  Rev.  W.  B.  Clarke,  F.G.S.,  of  St. 
Leonardos,  New  South  Wales.  They  would  have  been  described 
some  time  since  but  for  the  difficulty  attending  the  determination 
of  their  precise  geological  age,  and  my  desire  to  be  furnished  with 
additioned  specimens,  and  especially  with  samples  of  any  days  or 
marls  with  which  they  might  have  been  associated,  for  minute  ex- 
amination. Long  droughts,  however,  and  other  unforeseen  circum- 
stances have  prevented  their  reaching  England  before. 

Although  a  few  specimens  have  been  added  by  the  Eev.  W.  B. 
Clarke,  the  series  I  have  to  notice  is  the  same  that  was  placed  in 
the  hands  of  Professor  M*Coy  for  determination  by  his  Excellency 
Sir  Henry  Barkly,  when  Governor  of  Victoria.  [They  were  included 
in  a  list  (nos.  1--50)  published  in  '  Eecent  Geological  Discoveries  in 
Australia,'  by  the  Rev.  W.  B.  Clarke,  p.  60.] 

Professor  3£<Coy  remarks  on  the  interest  attaching  to  this  series 
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of  fossils  as  showing  the  existence  of  a  distinctly  marked  marine 
fauna  in  Australia,  and  then  goes  on  to  say  that  '^the  general 
aspect  or  faoies  of  the  Serpui^,  Brachiopoda,  Lima,  &c.  is  exactly 
that  of  those  of  the  base  of  the  Oolite  and  lias  beds,  whilst  some 
of  the  Monotis  recall  the  Saliferons  beds  of  Germany."  **  Perhaps," 
he  adds,  '^  one  of  the  most  interesting  points  in  my  examination  of 
these  fossils  is  my  determination  of  Professor  Bronn's  genus  Myo- 
phoria  (nos.  23,  24,  29),  so  abundant  in  the  Muschelkalk  of  Ger- 
many, strengthening  my  general  reference  of  the  whole  to  the  base 
of  the  Mesozoio  series,  as  well  as  suggesting,  for  the  first  time,  the 
existence  of  the  Muschelkalk  in  Australia,  the  only  European  forma- 
tion wanting  in  England."  His  view  of  the  general  scries  was  that 
they  are  **  not  younger  than  the  base  of  the  Oolite,  nor  older  than 
the  Triaa." 

The  Kev.  W,  B.  Clarke  at  the  same  time  suggests  (p.  62)  the 
possibility  of  this  group  of  fossils  belonging  to  the  Bha^tic  formation, 
and  of  Ihe  small  fish-teeth  found  with  them  being  identical  with 
those  found  by  myself  in  the  BhsDtic  fissures  near  Fromo.  The  evi- 
dence that  will  be  adduced  will  show  that  neither  of  the  above  con- 
clusions is  correct,  and  that  the  whole  series  must  be  assigned  to  a 
higher  position  in  the  geological  scale. 

The  locality  from  which  most  of  the  specimens  come  is  Wollum- 
biUa,  on  the  east  side  of  the  Pitzroy  Downs,  whUst  a  few  are  from 
the  Pitzroy  Downs,  the  Mitchell  Downs  on  the  Amba  river,  the 
downs  on  the  Nive  river,  the  Upper  Maranoa  west  of  Bendango, 
Mount  Abundance,  Blythesdale,  and  Bungeeworgorai,  all  in  the 
Queensland  colony.  The  Eev.  W.  B.  Clarke  has  also  forwarded  me 
a  photograph  of  a  Cyiherea  from  the  Gregory  Biver,  a  few  miles 
north  of  Finnia's  Springs,  on  Stuart's  Eoute  from  Adelaide  to  Cham- 
ber's Bay. 

As  in  the  case  of  the  remains  already  noticed  from  Western 
Australia,  there  appears  to  be  little  room  for  doubt  that  those  now 
under  consideration  have  not  been  obtained  from  their  parent  bed  in 
titu,  but  from  the  sides  or  beds  of  creeks,  and  from  derived  boulders 
scattered  over  the  face  of  the  Queensland  Downs. 

As  there  are  88°  of  longitude  between  the  district  from  which  the 
liassic  and  Oolitic  specimens  from  Western  Australia  come  and  that 
of  WoUumbiUa,  throughout  which  space  as  yet  no  Secondary  beds 
appear  to  have  been  found  in  situ,  we  have  evidence  (which  is  also 
confirmed  by  the  general  character  of  the  Australian  continent)  that 
there  must  have  been  an  enormous  denudation  of  the  Secondary 
series  over  a  considerable  part  of  its  surface  between  the  deposition 
of  the  Palxeozoic  rocks  and  that  of  the  Tertiary  beds,  the  missing 
members  of  the  Secondary  series  being  as  yet  only  made  known  to 
us  by  the  comparatively  meagre  evidence  aiForded  by  the  series  of 
Meaozoic  fossils  now  under  consideration. 

In  his  *  Kocent  Geological  Discoveries  in  Australia '  (p.  52),  the 
Bev.  W.  B.  Clarke  states  that  the  Wollnmbilla  fossils  occur  in 
rounded,  nodular,  or  concretionary  boulders  imbedded  in  a  brittle 
marl  in  the  creeks  and  on  the  downs,  which  are  covered  by  grits 
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and  sandstones,  mostly  red,  and  evidently  partly  fused  by  igneous 
action.  The  calcareous  sandstone  occurs  along  the  creeks  and  downs 
where  water  has  denuded  it ;  and  above  all  is  a  coarse  grit.  The  de- 
scending section  in  the  creek-bank,  where  the  fossiHferous  nodules 
occur,  at  WollumbDla  is  as  follows : — 

1.  Brown  stiff  soil,  full  of  pebbles  of  quartz  much  water-worn. 

2.  Clay. 

3.  Slate-coloured  marl,  very  friable  above,  but  hard  below,  charged 
with  strings  of  crystalline  carbonate  of  lime,  and  breaking  into  rect- 
angular fragments.  In  this  occur  the  calcareous  masses.  On  the  east, 
at  about  three  miles  distance,  coarse  conglomerates  rise  above  these 
beds ;  and  to  the  west,  coarse  alluvial  sand  occurs.  The  height  of 
the  section  is  about  15  feet ;  the  bluff  end  of  the  conglomerate  rises 
to  about  20  feet,  and  from  it  to  the  surface  slopes  away  to  the  east- 
ward, the  stratification  being  apparently  horizontal. 

It  is  not  improbable,  I  think,  that  the  metamorphosed  condition 
of  the  sands  and  grits  referred  to  above  may  be  due  to  mineralogical 
rather  than  to  igneous  action. 

The  calcareous  boulders  from  the  WoUumbilla  Creek,  when  broken, 
are  found  to  be  of  a  deep  olive  colour  internally,  a  few  presenting  a 
dull  brown  or  bluish  hue.  They  are  very  compact.  In  all  of  them 
organic  remains  are  very  abxmdant.  The  exteriors  of  many  of  the 
boulders  are  very  much  water- worn,  and  exhibit  only  sections  of 
the  organic  remains  they  contain ;  whilst  in  others  a  certain  amount 
.  of  decomposition  or  oxidation  of  the  surface  has  taken  place,  which 
has  produced  a  rotten  exterior,  looking  like  an  impure  chalk,  of  a 
yellow  or  buff  colour.  When  this  is  the  case,  the  fossUs  stand  out 
sharply  from  the  matrix.  An  examination  of  the  softer  portions 
thus  produced,  has  enabled  me  to  detect  the  presence  of  Eoraminifera 
(of  nine  European  species)  and  Entomostraca,  and  many  other  re- 
mains which  had  not  previously  been  recognized.  One  block  of 
stone  may  be  seen  to  be  perforated  in  every  direction  by  Serptdce ; 
and  there  are  to  be  recognized  over  its  surface  small  teeth  of  fishes, 
BhynchoneTl<B  of  several  species,  Argyope,  Ifucula,  arms  and  scattered 
plates  of  Pentacrinites,  Natica,  Pecten,  AvicuJay  <kc. ;  whilst  masses 
of  PurisipTionia,  a  new  genus  of  fibro-siliceous  Sponges,  which  have 
resisted  the  decomposing  action  to  which  the  blocks  have  been  sub- 
jected, appear  to  be  abundant.  Other  blocks  seem  to  bo  almost  com- 
posed of  the  detached  valves  of  Conchifora,  with  an  occasional 
Belemnite.  Prom  Maranoa  there  are  examples  in  which  the  bed  is 
seen  to  be  almost  made  up  of  rolled  and  broken  Belemnites,  inter- 
mixed with  small  pebbles ;  whilst  another  from  the  Downs  on  the 
Nive  river  contains  nothing  but  a  mass  of  Mactra, 

As  in  Western  Australia,  a  quantity  of  drift  wood  and  vegetable 
matter  is  mixed  up  with  the  Queensland  fossils ;  and  it  appears  evi- 
dent, from  the  broken  and  abraded  Belemnites  and  the  condition  of 
some  of  the  shells,  that  they  could  not  have  been  directly  covered 
up,  or  that  the  parent  beds  were  not  deposited  in  a  very  tranquil 
ocean.  One  exception,  however,  to  this  is  presented  by  blocks  con- 
taining Pentacrinite$  from  Mitchell  Downs,  which,  though  subse* 
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qnently  abraded^  indicate  that  very  beantiful  examples  of  this  gentui 
may  probably  be  obtained  from  that  region. 

On  the  surfaces  of  several  of  the  blocks  slight  traces  of  carbonate 
of  copper  may  be  detected,  as  though  they  had  been  in  contact  with 
water  holding  that  mineral  in  solution. 

On  comparing  the  general  scries  of  fossils,  I  at  once  saw  that  they 
had  nothing  in  common  with  the  Eha^tic  beds  or  any  of  the  Lower 
Secondary  formations ;  and  on  referring  to  the  list  given  by  Professor 
M'Coy  of  the  species  determined  by  him,  this  was  the  more  apparent. 
The  MyophoricR  (nos.  23, 24,  and  29)  of  his  list,  which  unfortunately 
are  not  in  good  condition,  and  on  the  strength  of  which  the  presence 
of  the  Muschelkalk  in  Australia  was  affirmed,  proved  to  be  Trigonice, 
very  closely  allied  to  the  T,gihhosa  of  the  Portland  Oolite ;  a  slightly 
curved  tubular  shell,  referred,  but  with  some  doubt,  to  OrthoceraSy 
proved  to  be  a  small  Serpula ;  nor  were  any  of  the  species  identical, 
as  sag^ested  by  Professor  M'Coy,  with  any  belonging  to  the  Triassio 
or  liassic  series.  Amongst  the  specimens  was  a  part  of  a  so-called 
"Ammonite  "  (from  the  Upper  Maranoa) ;  but  this  I  recognized  as  a 
portion  of  the  inner  whorls  of  a  gigantic  Crioceras,  Another  block 
contained  five  lobes  of  the  terminal  chambers  of  probably  the  same 
specimen,  which  portion  alone  measured  14  inches  in  length ;  so  that 
the  shell  must  have  attained  a  size  exceeding  that  of  any  which  lived 
at  the  Neocomian  period. 

These  and  other  circumstances  indicated  a  higher  horizon  for  the 
Queensland  fossils ;  and  I  now  proceed  to  give  those  of  most  import- 
ance a  more  detailed  consideration,  after  which  I  shall  endeavour,  as 
well  as  the  difficulties  they  present  will  permit,  i(}  refer  them  to  their 
probable  geological  positions. 

Oboai^ic  Eemaiits  fboh  Qttzenblaks. 

Amorphozoa. — This  order  is  represented  amongst  the  Queensland 
specimens  by  a  large  siliceo-fibrous  Sponge,  closely  allied  to  Dactylo- 
calyXy  Stutchb.  I  have  been  favoured  with  a  description  of  it  by 
Dr.  Bowerbank,  who  proposes  for  it  the  new  genus  Purisiphoniay 
and  names  it  P.  ClarJcei,  after  the  Kev.  W.  B.  Clarke,  F.G.S.,  through 
whose  exertions,  aided  by  zealous  friends  in  the  interior,  the  collec- 
tion of  fossils  now  under  notice  has  been  brought  together.  The 
specimen  has  been  decalcified  by  Dr.  Bowerbank  by  means  of  hydro- 
chloric acid,  the  skeleton-tissue  being  in  a  very  beautiful  state  of 
preservation. 

This  form  appears  not  to  have  been  uncommon,  as  numerous  frag- 
ments may  be  detected  projecting  from  the  surfaces  of  some  of  the 
blocks  from  WoUumbiUa.  It  is  stated  by  Dr.  Bowerbank  that  this 
Sponge  has  affinities  with  a  group  which  hitherto  has  not  been  found 
in  England  lower  than  the  Chalk  of  Flamborough  Head,  and  that 
he  considers  the  matrix  containing  the  Sponge  to  be  of  a  similar 
character  to  the  hard  Chalk  of  that  district.  Only  the  above  species 
IS  present  in  the  Australian  collection.  Dr.  Bowerbank's  notes  on 
the  gcnna  are  appended  hereto  (see  p.  240). 

Foraminifera. — Of  this  group  five  genera  arc  represented,  the 
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most  abiindant  form  being  Planor^lina  Ungeriana,  These  P2an4>r- 
hulinof  are  attached  in  considerable  numbers  to  the  plicated  surfaces 
of  Bhynchondla  and  Argyope,  Of  Cristellaria  acutauricularis  there 
are  six  specimens;  whilst  Polymorphina  lactea,  Bentalina  eofn- 
munis  (?),  and  Vaginulina  striata  have  only  yielded  one  each.  As 
these  have  been  obtained  simply  by  washing  the  soft  surfaces  of 
several  of  the  blocks,  it  is  evident  that  the  group  must  be  abundantly 
represented  in  a  fossil  state  on  the  Australian  continent. 

Zaophyta, — ^This  group  is  not  represented  in  the  series.  The 
supposed  coral  (no.  10)  of  Professor  M'Coy's  list  represents  the  in- 
ternal structure  of  a  piece  of  fossil  wood. 

Echinodermata. — ^In  examining  the  decomposed  surfaces  of  the 
WoUumbilla  blocks,  I  have  detected  the  presence  of  fragments  of 
the  spines  of  several  forms  of  Echinodermata ;  and  there  are  also 
numerous  detached  plates  and  portions  of  the  columns  of  Penta^ 
crirUtes, 

Two  blocks  found  on  the  Mitchell  Downs,  and  recently  received 
by  me  from  the  Bcv.  W.  B.  Clarke,  show  that  interesting  remains 
belonging  to  this  class  will  probably  be  found  hereafter  in  this  dis- 
trict, where  boulders  occur,  derived  from  a  bed  in  great  part  com- 
posed of  Pontacrinites. 

Polyzoa, — It  is  not  improbable  that  this  group  may  be  nume- 
rously represented,  as  there  are  frequent  indications  of  Polyzoa ;  but 
the  worn  condition  of  many  of  the  shells  to  which  they  are  attached 
is  unfavourable  to  their  preservation.  On  a  cast  of  a  Cytherea  from 
the  Maranoa  river  numerous  reticulated  impressions  show  that  its 
interior  was  almost  covered  with  them.  Anotiier  form  also  occurs, 
with  long  cylindrical  cells,  beloDging  to  Lepralia,  which,  hitherto,  I 
believe,  has  not  been  found  below  the  Red  and  Coralline  Crag. 

Bracldopoda, — The  Queensland  representatives  of  this  group 
possess  considerable  interest  from  the  fact  that  most  of  the  species 
are  new,  and  several  peculiar  forms  are  amongst  them.  There  can 
be  no  doubt  that  the  class  is  strongly  represented  in  the  deposit 
from  which  these  blocks  are  derived;  and  it  may  be  anticipated 
that  at  a  future  day  more  genera  and  species  may  bo  obtained  from 
them.  The  only  species  to  be  recognized  is  the  LingvJa  ovalis  of 
the  Kimmeridge  Clay,  or  the  L.  subovalis  of  the  Lower  Greensand, 
which  names  probably  refer  to  tho  same  species.  This  shell  is  most 
abundant,  as  many  as  fifteen  examples  being  visible  on  the  surfaces 
of  a  block  only  two  or  three  inches  square.  Its  presence  assists  in 
uniting  the  faunas  in  several  of  the  blocks  which  contain  nothing 
else  in  common.  Two  species  of  Ehynchonella  occur,  one  of  them 
being  apparently  very  abundant.  One  of  these,  which  I  have  named 
jK.  rvstica,  approaches  very  closely  to  B,  condnna  of  the  Great  Oolite 
and  Bradford  Clay.  A  third  genus  is  represented  by  a  shell  (with  a 
very  finely  pimctated  structure  and  closely  striated  exterior)  to  all 
appearance  belonging  to  Terebratelki,  under  which  genus  (in  the 
absence  of  internal  structure)  it  is  placed.  It  is  the  largest  of  the 
Australian  Brachiopoda ;  and  I  have  named  it  T,  Davidsonii,  after 
the  palsBontologist  who  has  spent  a  life  in  the  elucidation  of  this 
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ijBiportani  group  of  Bhells.  A  fawtth  genus  i^  repl'eMiited  by  Bome 
very  curious  Sirophomena-Vike  shells,  belongiug  to  a  group  formerly 
jdaced  by  Dr.  Deslougohamps  under  Atr^ape,  but  subsequently  re* 
mored  by  him  to  the  TerebratulidGB.  The  three  French  species, 
A.  liasiana,  A,  Perrieri,  and  A,  Stieesii,  I  hare  found  in  England  in 
the  lias,  as  also  a  minute  shell,  the  Spirif&ra  ooUHca,  mihi,  which 
"will  have  to  be  arranged  with  themi  The  peculiar  form  of  these 
shells^  their  long  hinge-lines,  compressed  valves,  and  finely  folded 
or  plicated  exteriors,  even  in  ignorance  of  the  internal  form  of  the 
loop,  are,  I  think,  sufficient  to  justify  their  arrangement  eventually 
under  a  new  genus  or  subgenus.  I  have  two  species  from  Wollum- 
billa,  A.  punctata  and  A.  tvoUumhillaeMist 

All  the  above  Brachiopods  occur  together  in  the  blocks  which  yield 
Purisiphonia, 

LameUibranehiata. — ^The  importance  of  this  class  in  connexion 
with  the  paleontology  of  Queensland  is  indicated  by  the  fact  that 
the  collection  includes  22  genera  and  36  species;  and  there  are 
firagmentary  evidences  of  others  that  would  still  increase  the  list. 
Of  this  group  the  Aviculida)  are  the  most  frequent,  of  which  there 
are  eight  or  nine  species.  One  of  these  is  the  A.  braamhutien^is, 
Phil.,  of  our  Oxford  Clay,  the  only  shell  in  this  class  which  can  be 
satisfactorily  identified  with  a  European  species.  Most  of  the 
other  Aviculid®  from  Queensland  have  a  reticulated  ornamentation, 
and  evidently  belong  to  the  group  of  which  the  above  shell  may  be 
considered  a  type.  Bpecies  of  Lima  and  Pecten  are  also  abundant, 
one  species  of  the  latter  genus  apptoaching  the  P.  retiferut  of  the 
Great  Oolite,  whilst  another  is  not  unlike  P.  rigidus  of  the  same 
formation.  CythereoB,  equalling  in  siie  any  of  the  Tertiary  species, 
appear  ako  to  have  been  abundant ;  the  most  noteworthy  of  the 
other  genera  are  Thracia,  Panapaxi,  Mya^  and  Triffonia,  to  which 
aUnsion  has  already  been  made. 

Gasteropoda. — Seven  genera,  including  ten  species,  occur  in 
Queensland,  the  prevailing  shell  being  iVafica  variabilis.  The  others 
are  generally  represented  by  solitary  examples,  the  worn  state  of 
some  of  which  prevents  specific  comparisons. 

Cephalopoda. — No  trace  of  any  Ammonites,  which  are  so  abundant 
in  the  Western  Australian  beds,  appears  in  the  collection  from 
Queensland.  The  specimen,  the  inner  whorls  of  which  were  referred 
to  that  genus,  is  a  gigantic  Crioceras,  which  exceeds  in  size  any 
specimen  I  have  ever  seen  from  Neocomian  strata,  wherein  that 
genus  attains  its  largest  dimensions.  This  specimen  is  in  a  dark- 
blue  limestone  matrix,  and  the  portions  preserved  retain  their  test ; 
but  unfortunately,  except  a  crushed  Ehync^onella,  there  are  no  other 
remains  associated  with  it  to  assist  us  in  arriving  at  its  precise  geolo- 
gical age. 

The  only  other  genus  is  Belemnites.  Examples  of  this  occur  under 
three  conditions : — Ist,  as  detached  frusta,  as  much  water-worn  as 
if  they  had  come  from  JPostpliocene  gravels ;  2ndly,  in  blocks  having 
a  sandy  matrix,  containing  small  pebbles,  coloured  by  manganese 
(here,  again,  they  were  very  much  broken  or  abraded  before  they  were 
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covered  up ;  these  are  accompanied  by  Naiicoi  and  Modiolm,  whichy 
though  from  the  Upper  Maranoa  district,  clearly  connect  them  with 
thoWoUumbilla  fauna);  and,  thirdly,  the  large  phragmacone  6  inches 
in  length,  in  a  matrix  of  dark-drab  or  olive  limestone,  from  WoUum- 
billa,  whence  also  are  two  small  specimens  which  I  succeeded  in 
opening  up  in  a  very  much  water-worn  block,  with  many  Aviculas 
&c. :  these.  Professor  Phillips  thinks,  may  possibly  be  young  examples 
of  the  larger  form,  which  he  considers  to  approach  B,  paxiUosus,  a 
species  ranging  from  the  Middle  Lias  upwards.  ^Regarding  the 
other  species,  Professor  Phillips  remarks  that  they  have  stronger 
analogies  with  the  Upper  Oolitic  forms  than  with  any  other.  There 
is  some  analogy  to  the  Speeton  Belemnites,  but  scarcely  any  to  the 
Ncocomian  species  of  the  South  of  Europe.  Professor  Phillips's 
notes  on  the  species  will  be  given  hereafter  (see  p.  258). 

Vertebrata. — Numerous  fragments  of  fish-teeth  and  scales,  and  a 
portion  of  a  small  vertebra,  occur  in  the  WollumbUla  blocks.  They 
probably  belong  to  Hyhodus  and  Lepidotus,  They  are  accompanied 
by  some  small,  depressed,  spine-like  bodies,  which  Professor  M'Coy 
supposed  might  be  the  hooks  of  CepJtahpoda ;  but  these  are  homy, 
whilst  the  former  are  enamelled,  and  ^ey  are,  I  have  no  doubt,  of 
Ichthyic  origin. 

Eesumi. — For  reasons  already  given,  there  seems  to  be  no  ground 
for  doubting  that  all  the  organic  remains  frx>m  Western  Australia 
and  Queensland  noticed  in  this  paper  have  been  obtained  from  blocks 
scattered  through  superficial  deposits  derived  from  the  denudation 
of  preexisting  secondary  deposits.  That  this  denudation  must  have 
taken  place  over  a  great  extent  of  the  Australian  continent  is  shown 
by  the  wide  separation  of  the  districts  from  which  these  remains 
have  been  collected. 

It  is  very  evident  that  all  the  Australian  fossils  which  I  have  had 
under  examination  (except  some  plant-  and  insect-remains  noticed  in 
the  following  paper,  see  p.  261)  are  of  true  Mesozoic  age,  though  the 
peculiar  circumstances  under  which  they  are  found  necessarily  render 
it  very  difficult  to  assign  them  to  their  precise  geological  horizons. 
Respecting  the  series  from  Shark's  Bay,  the  Greenough  Flats,  and 
the  Greenough  lliver.  Western  Australia,  from  the  presence  among 
them  of  Ammonites  and  other  fossils  which  are  the  typical  species  of 
certain  horizons  in  this  country,  there  seems  to  be  no  doubt  tiiat  they 
have  been  derived  from  the  equivalents  of  our  Middle  Lias,  Upper 
lias,  and  Inferior  Oolite.  Some  of  them,  such  as  Ostrea  Marshii 
and  Lima  prohoscidea,  pass  up  in  England  into  the  FuUer's-earth 
Oolite  above ;  and  it  is  remarkable  that,  though  lithological  condi- 
tions are  not  always  a  safe  guide,  in  this  instance  the  deposits  also 
appear  to  be  identical. 

The  same  satisfactory  conclusions,  however,  are  not  to  be  arrived 
at  respecting  the  series  from  Queensland,  the  evidence  as  to  the  age 
of  which  I  now  proceed  to  consider. 

The  great  ma]ority  of  the  Queensland  fossils  have  been  obtained 
from  Wollumbilla^  and  come  from  the  same  geological  formation. 
The  blocks  with  the  fine  PentacrinxUa  austrdlis,  from  the  Amby 
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river,  Mitchell  Bowbb,  may  reasonably  be  assigned  to  the  same  age, 
since  they  contain  Lingula  ovalis  or  some  other  fossils  in  common. 

In  considering  the  most  typical  of  this  group  of  Australian  re- 
mains, which  in  the  whole  embraces  about  90  species,  we  have  in  the 
first  place  the  Purisiphonia  Clarlcei,  the  forms  allied  to  which  are 
stated  by  Dr.  Bowerbank  not  to  have  hitherto  been  found  below  the 
Lower  Chalk  of  Flamborough  Head ;  but  as  I  have,  of  this  class, 
lately  found  the  genus  Orantla  in  the  lias,  though  it  had  never  before 
been  found  below  the  Red  Crag,  the  presence  of  the  former  genus, 
though  pointing  to  a  Cretaceous  horizon,  does  not  necessarily  imply 
it.  Pive  of  the  Farammifera,  at  least,  are  found  as  low  down  as  the 
Lias,  but  they  are  known  to  pass  upwards  into  higher  formations. 

Of  the  Brachiopoda,  the  BhynchoneUidoB  are  closely  allied  to  Great- 
Oolite  species.  The  Argyopce  have  their  analogues  in  those  from  the 
Has ;  whilst  the  only  species  of  Lingula  is  no  doubt  identical  with 
the  L.  ovalis  of  the  Oxford  Clay  and  Upper  OoKtes. 

Among  the  Conchiferay  the  Avicula  braamburiensis,  again,  evi- 
dently connects  the  series  with  the  Oxford  Clay,  some  of  the  other 
species  of  that  genus  apparently  belonging  to  the  6£ime  natural 
group.  The  Trigonia  have  their  nearest  alliance  with  those  of  the 
Portland  Oolite. 

Bespecting  the  Belemnitidas,  Professor  Phillips  leans  to  the  con- 
clusion that,  with  the  exception  of  the  large  phragmacone  allied  to 
B.  paanllosus  of  the  Lias,  the  others  are  more  nearly  related  to  Ox- 
ford-Clay types  than  to  those  of  any  other  formation. 

Under  these  circumstances  it  is  not  easy  to  decide  with  certainty 
as  to  the  exact  position  of  the  fossils  that  come  from  Wollumbilla. 
The  Lias,  the  Great  Oolite,  the  Oxford  Clay,  the  Portland  Oolite, 
and  the  Cretaceous  beds  may  each  put  in  a  claim ;  but  that  of  the 
Oxford  Clay  appears  to  be  the  strongest.  That  ihej  all  belong  to 
the  Upper  OoHte  may  with  safety  be  inferred. 

There  remain  the  genera  Panapcea,  Mya,  and  Thraeia,  from 
Bungeworgari  and  the  Amby  river,  and  the  gigantic  Crioceras. 
From  the  nature  of  the  matrix,  though  this  does  not  pass  for  much, 
they  appear  to  have  been  derived  from  beds  of  a  different  character 
from  those  from  the  other  districts.  As  similar  Criocerata  have  never 
been  found  below  the  Lower  Greensand,  it  is  reasonable  to  infer  the 
presence  of  Neocomian  beds  in  Australia*,  from  whence  it  may  have 
been  derived. 


List  of  Mesozoic  Species  from  Queensland, 

Plantae  (wood). 

Purisiphonia  CLtrkei,  JBotDerbank, 

Cristellana  acatauricularis,  Ficht.  ^ 

MoU. 
—  cultnta.  Tar.  radiata,  Moore, 
— —  acatauriculariB,  rar.  longicostata, 

Moore, 
Bentalina  commiiniB,  I/Orh. 


Polymorphina  lactea,  W,  <f «/". 

gibba(?),  lyOr*. 

Planorbulina  Ungenana»  jD*  Orb, 

lobatula,  DtOrb. 

Yaginulina  striata,  2>*  Orb. 
PentacrinuB  australis,  Moore, 
Eohinus  (spines). 
Serpula  intestinalis,  TkU, 


*  Unless  a  large  Crioceras,  said  to  have  been  met  with  near  Port  Elizabeth,  in- 
dicates the  eodstenoe  of  that  genus  in  the  J^urassic  beds  of  South  Africa. 
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BalanuB,  tp. 

EntomostnuA,  sp. 

Lepralia  ooliiioai  Moore, 

Polyzoa,  sp. 

Argyope  wollumbillaenBis,  Moore, 

—  punctata,  Moore. 
Disoina  apicalis,  Moore, 
Lingula  ovalis,  Sow. 
Bbjnchonella  niatioa,  Moore. 

Bolitaria,  Moore, 

Terebratalla  Bayidsonii,  Moore. 
Avioula  simplex,  Moore. 

— ^  flsqaaUft,  Moore, 
»-»  braamburiensia,  PMl, 
— -  Barkljp,  Moore, 
— -  flubstriata,  Moore, 
-^—  reflecta,  Moore. 
^—  umbonalu,  Moore, 

—  corbiensis,  Moore, 
»flp. 

Lima  Gordonii,  Moore, 
— » Bp. 

,  «p. 

multistriata,  Moore, 

Pecten  a^quilineatus,  Moore. 
Bocialis,  Moore, 

—  fimbriatofl,  Moore. 
.  ep. 

^.^p. 

^,Bp. 

Perna  ffigantea,  Moore, 
Area  pHcata,  Moore, 

prtelonga,  Moore. 

Aatarte  wollumbillaensiay  Moore. 

Oardinia,  sp. 

Cardlum,  sp. 

Cytherea  Clarkei,  Moore, 

gibbosa,  Moore, 


Gk>momya  depressa,  Moore, 
Leda  australis,  Moore, 
Lucina  anomala,  Moore, 

australis,  Moore, 

Mactra  trigonalis,  Moore, 

,  sp. 

Modiola  unica,  Moore, 
Mya  Kaccoyi,  Moore, 
Myacites  planus,  Moore, 
MytiluB  inflatuB,  Moore, 

rugo-costatuB,  Moore, 

planus,  Moore. 

Kucula  Cooperi,  Moore, 

truncata,  Moore, 

.  sp. 

Panopaea  rugosa,  Moore. 
Tancredia  plana,  Moore, 
Thracia  Wilaoni,  Moore, 
Trigonia  lineata,  Moore. 
AcUeon  Hochstetteri,  Moore, 

depressus,  Moore. 

Belphinula  reflecta,  Moore. 
Dentalium  lineatum,  Moore. 
Ifatica  yariabilis,  Moore, 

omatiseima,  Moore. 

,  sp. 

Sokriuin  ?,  sp. 

Trochus,  sp. 

Turbo,  sp. 

Belemnites  paxillasus  (?),  VoUz, 

australis,  Phillips. 

.8p. 

,  sp. 

Crioceras  australe,  Moore. 
Teutbis,  sp. 

Hybodus  7  (teeth  and  scales). 
Lopidotus  (scales). 


General  Table  of  Secondary  /SjpecUs* 


Nr.of 
species. 

Plant© 2 

Amorphozoa    2 

Foraminifera    7 

Echinodermata    4 

Articulata 4 

Crustacea  (Entomostraca)  ...     2 
Polyzoa 2 

23 


Nr.of 

species. 

23 

Brachiopoda 8 

Conchifera    83 

Gasteropoda 18 

Cephalopoda    13 

Pisces    3 

148 


Descriptions  of  New  Species. 
[PuBisiPHONiA^  Bowerbank. 
Canaliculated  Biliceo-fibrous  skeletons.     Skeletons  reticulate,  un- 
symmetrical.     Fibres  composed  of  concentric  layers  of  solid  silex^ 
with  a  continuous  central  canal. 

This  genus  is  intermediate  in  its  structure  between  Dactyhcalyx 
(Stutchbury)  and  Fa^-rea  (Bowerhank).      J.ike  the  latter,  its  fibrca 
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are  continuously  canaliculated ;  but  it  has  not  any  thing  approaching 
the  angolated  synunetrical  arrangement  of  its  skeleton  fibres ;  on  the 
contrary,  it  very  closely  simulates  the  mode  of  disposition  of  the 
fibres  that  prevails  in  Dactylocalyx»  The  central  canals  in  the  fibres, 
in  the  species  of  Pwrisiphonia  on  which  the  genus  is  founded,  occupy 
from  about  one-fifth  to  one-third  of  the  entire  diameter  of  the  fibre  | 
they  are  straight  and  uniform  in  their  diameter,  and  have  little  or 
no  enlai^ements  at  their  junctions  with  each  other.  The  reticula- 
tions of  the  skeleton  are  frequently  extremely  close,  so  that  the  areas 
do  not  exceed,  or  sometimes  even  equal,  the  diameters  of  the  fibres 
bounding  them. 

3 .  PuBiBiPHOiriA  Claskst,  Bowerbank.     PI.  XYII.  ^.  1. 

Sponge.  Fistulose,  branching,  surface  even.  Oscula  simple,  dis- 
persed over  the  inner  pahetes  of  the  fistulse.  Dermis  and  dermal 
membrane  obsolete.  Skeleton  stout,  closely  reticulated.  Interstitial 
cavities  furnished  with  angolated  sexradiate  spicula  ? 

Loe»  WoUumbilla,  Queensland,  Australia. 

Ohs.  There  is  much  greater  difficulty  in  the  specific  description  of 
a  fossil  Sponge  than  of  a  recent  one,  as  a  considerable  portion  of  the 
most  decisive  specific  characters  are  usually  absent,  in  consequence 
of  the  decomposition  of  the  softer  parts  of  tho  organization  previously 
to  foesilization ;  and  this  is  doubtless  the  case  with  the  specimen 
nnder  consideration.  Although  thns  deprived  of  the  use  of  many 
valuable  descriptive  characters,  there  are  sufficient  remaining  to  en- 
able us  to  securely  determine  its  specific  identity. 

It  is  difficult  to  say  what  was  the  real  form  of  the  specimen  in 
its  unmutilated  state;  but,  judging  by  its  present  condition,  it 
was  originally  a  large  fistular  Sponge,  giving  off  fistular  branches 
at  irregular  intervals.  The  large  fistular  body  of  the  Sponge  haa 
been  split  longitudinally,  and  a  portion  4  inches  in  length,  and 
almost  half  of  the  tube  of  the  Sponge,  remains ;  and  from  the  sur- 
face of  this  the  entire  basal  portions  of  two  secondary  fistular 
branches  proceed ;  and  there  are  also  the  remains  of  another  such 
branch  at  the  margin  of  the  primary  fistula  at  the  right-hand  side. 
The  outer  surfieice  of  the  Sponge  has  an  irregular  reticulation  of  stout 
siliceous  fibres,  very  similar  to  those  of  Dactylocdlyoffj  immediately 
beneath  the  dermis. 

In  all  the  recent  species  of  this  tribe  of  siliceo -fibrous  Sponges 
with  which  I  am  acquainted,  there  is  a  free  dermal  coat  attached  to 
the  stiff,  non-expansive  skeleton  beneath,  by  connecting  spicula,  ce- 
mented at  their  basal  points  to  tho  mass  of  the  skeleton  by  keratode 
only,  and  which  would  naturally  be  separated  from  the  body  of 
the  Sponge,  by  maceration  and  decomposition  of  the  keratode,  a  short 
period  after  its  death ;  and  none  of  this  dermal  coat,  it  is  probable, 
would  appear  with  the  fossil,  unless  it  were  to  be  enveloped  and  fixed 
in  the  matrix  in  a  very  short  time  after  its  death.  This  organized 
envelope  usually  affords  the  most  distinct  and  determinative  specific 
characters,  and  it  was  very  important  to  discover  its  remains  if  pos- 
sible ;  but  in  this  attempt  I  have  been  quite  unsuccessfuL     In  its 
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living  condition  this  Sponge  would  probably  exhibit  a  smooth  mem- 
branous surface ;  but  in  its  present  state  we  have  large  open  areas 
exhibited  in  lieu  of  the  smooth  dermal  membrane.  These  areas  are 
in  fact  the  distal  ends  of  the  intermarginal  cavities,  and  are  usually 
much  larger  than  the  interstitial  spaces  immediately  beneath  them. 
In  the  specimen  under  consideration,  as  in  similarly  organized  recent 
Sponges,  the  proximal  terminations  of  the  intermarginal  cavities 
communicate  immediately  with  the  distal  ones  of  the  interstitial 
spaces,  and  then,  uniting,  increase  in  their  size  as  they  progress  to- 
wards the  inner  parietes  of  the  great  cloacal  cavity  of  the  Sponge, 
into  which  they  finally  discharge  their  streams  through  the  oscula. 
In  this  organization  they  closely  resemble  the  structures  in  the  recent 
genera.  Orantia  and  Verongia,  and  many  of  the  fistular  keratose 
Sponges  of  the  West- Indian  seas. 

I  have  not  detected  any  connecting  spicula ;  and  I  have  assigned 
the  angulated  sexradiate  ones  to  the  interstitial  cavities  on  the  faith 
of  some  very  dilapidated  remains  of  tJiem,  deeply  immersed  in  the 
tissues,  and  rendered  visible  only  by  the  penetrating  power  of  the 
lieberkiihn. 

The  nearest  relations  to  this  tribe  of  Sponges  among  the  fossil  ones 
are  decidedly  the  siliceo-fibrous  Sponges  of  the  Elamborough  Chalk ; 
and  below  that  formation  I  am  not  aware  of  any  such  Sponges  hav- 
ing been  found.  The  matrix  of  the  Australian  fossil  also  possesses 
much  of  the  character  of  Chalk ;  it  dissolves  completely  in  dilute 
hydrochloric  acid,  and  leaves  only  a  small  quantity  of  sandy 
residuum. 

I  may  also  observe  that  the  similarity  of  form  and  structure  be- 
tween tiie  Australian  and  the  English  Chalk  Sponges  in  this  case  is  by 
no  means  a  new  fact,  as  there  are  abundant  instances  of  similar 
dose  alliances  existing  among  the  recent  Australian  Sponges  and 
those  of  the  Chalk-formation  of  England;  and  among  the  most 
prominent  are  the  existing  representatives  of  Choanites  and  Fan- 
triciUites.—J.  S.  B.] 

2.  Cbistellauia  cultbata,  Montfort,  var.  radiata,  Moore, 

This  shell,  of  which  I  have  discovered  but  one  example,  possesses 
the  central  disk  of  C.  cultrata,  from  which  the  ribs  on  the  surface 
proceed ;  and  although  the  keel  is  less  produced,  there  appears  no 
doubt  it  must  be  referred  to  this  species.  From  the  more  radiating 
character  of  the  costsB,  I  propose  for  the  variety  the  name  of  C,  ra-^ 
diata.    It  is  from  WoUumbiUa. 

3,  Cbistellaria  AOUTAuaicuLARis,  Ficht.  &  Moll,  var.  longicostata, 

Moore. 

Shell  oblong,  moderately  biconvex,  later  chambers  passing  be- 
yond helicoid  portion ;  surface  with  ribs  which  are  longitudinally 
costated. 

The  typical  European  forms  of  C.  acutauricularis,  which  are  found 
also  with  this  shell,  possess  smooth  surfaces,  and  are  without  the 
longitudinal  costao, — ^the  difference  being  bo  marked  as  to  justify 
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its  separation.     I  have  only  seen  one  specimen,  which  is  also  from 
Wollumbilla. 

4.  PsNTACsuoTS  AUSTSAus,  sp.  n.  PL  XYII.  fig.  3^  and  PI.  XYUI. 
fig.l. 

PelTis  shorty  compressed,  rounded ;  plates  of  the  body  and  arms 
finely  rugose ;  scapulas  thick,  supporting  10  arms,  composed  of  13 
plates,  the  hands  bifurcating  from  cuneiform  joints,  the  fingers  being 
of  considerable  length,  with  40  or  more  joints  of  yarying  thickness, 
to  which  are  attached  lengthened  jointed  tentacles.  Interior  of  the 
pelvis  disk-like  or  concave,  exhibiting  a  central  pit. 

Two  specimens  of  this  fine  and  interesting  species  are  &om  the 
Mitchell  Downs,  on  the  Amby  river ;  and  it  is  seen  by  the  numerous 
arms  that  pass  through  the  block  of  limestone  that  a  whole  colony  of 
them  must  have  been  present.  One  of  the  specimens  is  lying  on  its 
side  (exhibiting  the  base  of  the  pelvis,  with  its  columnar  articulation), 
whilst  three  arms,  with  the  base  of  two  others,  are  exhibited.  The 
second  specimen  shows  the  interior  of  the  pelvis,  and  has  the  arms 
flattened  out.  Each  arm,  above  the  scapulie,  appears  to  have  been 
about  6  inches  in  length.  In  a  block  from  Wollumbilla  a  portion  of 
a  column,  with  95  regular  joints,  ia  present,  of  probably  the  same 
species.  Unfortunately  some  of  the  connecting  joints  of  the  arms 
have  been  washed  out,  though  the  impressions  are  left  indicating 
their  direction. 

CncsiPEDiA  (BAXAinrs  ?). 

When  the  tests  of  the  Australian  shells  are  occasionally  broken,  or 
casts  only  are  preserved,  it  may  often  be  noticed  that  the  interiors 
were  covered  by  Polyzoa,  Serpulee,  and  other  parasitic  animals.  On 
the  interior  of  Fanopcea  are  two  disk-like  impressions  with  fimbriated 
radiating  surfaces  ;  and  it  was  difficult  to  decide  whether  they  might 
not  be  flattened  Corals,  or  even  Crania.  On  consulting  my  friend 
Mr.  Etheridge  respecting  them,  he  su^ested  that  they  might  be  the 
places  of  attachment  of  Balani  or  some  other  Cirripeds ;  and  on  exa- 
mining the  collection  at  Jermyn  Street,  analogous  impressions  were 
found  produced  by  the  attachment  of  these  shells ;  so  that,  although 
no  other  traces  of  the  shells  have  been  found,  the  family  may,  I 
think,  be  added  to  the  list. 

5.  Lepbalia  (?)  ooLincA,  sp.  n.    PI.  XVII.  t^»  2. 

Cells  long,  cylindrical,  base  soon  becoming  immersed,  so  as  to  re- 
semble Tuhulipora  or  Diastopora.  It  occurs  not  imfrequently  on  the 
exteriors  of  the  "WoUumbilla  fossils. 

Mr.  Busk,  who  has  examined  the  species,  remarks  that  he  has  not 
before  noticed  it,  and  that  it  does  not  occur  in  a  series  (Tertiary)  he 
had  examined  from  Mount  Gambier.  The  gentia  has  not  hitherto 
been  found  lower  than  the  Cretaceous  period. 

6.  AeGTOPE  WOLLrMBILLAENSIS,  Sp.  U.      PL  X.  figS.  3-5. 

Shell  compressed,  transverse;   hinge-line  extending  the  entire 
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length  of  the  shell;  umbones  depressed;  ventral  area  extended; 
deltidium  narrow,  triangular ;  ext-erior  of  the  valves  covered  with 
coarse  rounded  striae,  which  are  broken  at  the  concentric  lines  of 
growth,  where  they  are  seen  to  be  hollow,  and  were  probably  con- 
tinued in  spines  over  the  folds  of  the  shell ;  exterior  of  dorsal  valve 
abruptly  keeled,  the  Unes  of  growth  crossing,  which  give  the  keel  a 
comb-like  appearance;  interior  of  the  dorsal  valve  with  a  sinuB, 
which  terminates  at  the  front  of  the  shell  in  a  deep  fold ;  and  it  pos- 
sesses teeth-sockets,  cardinal  process,  and  distinctly  raised  crural 
plates  ;  ventral  valve,  in  its  younger  state,  rather  flat,  but  becomes 
concave  and  closely  fitting  to  the  dorscd  valve ;  it  possesses  a  deep  sinus 
corresponding  to  the  depression  in  the  interior  of  the  large  valve ; 
edges  of  the  shell  closely  fitting ;  internal  loop  not  known. 

Shell-structure  very  finely  punctated.  This  interesting  shell  is 
found  with  the  PuriaipJionia-  and  other  remains  at  WoUumbilla ;  and 
as  there  are  evidences  of  several  more  or  less  perfect  examples  in  the 
block,  it  must  be  an  abundant  shell.  It  belongs  to  the  group  ori- 
ginally arranged  by  Dr.  E.  Doslongcharaps  under  Argyope,  of  which 
he  described  three  species  from  the  lias,  but  which,  in  his  '  Paleon- 
tologie  Frangaise,'  he  subsequently  removed  to  Terehratxda,  Having 
found  the  same  species  at  Whatley,  and  referred  them  to  Art^yope,  I 
think  it  convenient  still  to  retain  them  in  this  group,  though  ulti- 
mately it  is  probable  they  may  have  to  be  separated  firom  it  and  con- 
stituted a  subgenus.  At  present  little  is  Imown  of  their  loops  or 
internal  characters.  The  Australian  examples  are  more  regularly 
striate  than  the  European  liassic  species.  'WTiere  the  striae  on  the 
A.  wollunibUlaensis  are  occasionally  abraded,  a  canal  is  visible,  which 
leads  me  to  suspect  they  wore  originally  hollow,  and  probably  con- 
tinued in  spines  beyond  the  shell,  like  those  on  Athyris  or  Spirifffra 
rostrata.  In  its  outer  form  this  shell  very  much  resembles  some  of 
the  StrophymenidcBn 

7.  Arotopb  pxtnctata,  sp.  n.    PL  X.  fig.  6. 

Shell  small,  transversely  ovate ;  dorsal  valve  flattened  or  slightly 
convex ;  margins  regularly  rounded ;  surface  of  valve  with  bifnr^ 
eating  longitudinal  stria),  which  at  the  front  are  thirty  in  number. 

This  shell  clearly  indicates  the  presence  of  a  second  species  of  this 
group.  Only  one  valve  is  known,  and  this  is  not  perfect.  The 
striae  are  much  more  distant,  and  stand  up  in  sharp  ridges,  and  the 
punctations  are  much  coarser  and  fewer  than  on  the  A.  wollufnbil- 
laensis.  In  these  respects  the  species  approaches  nearer  to  the  French 
and  English  examples. 

The  specimen  is  from  WoUumbilla,  and  is  attached  to  the  surface 
of  a  Serpula  intestinalis  ? 

8.  DiscDTA  APicAiJs,  sp.  n.     PI.  X.  fig.  13. 

Shell  small,  round  or  slightly  ovate;  apex  very  acute,  almost 
central,  or  inclined  to  anterior  end ;  shell-structure  thin,  with  faint 
concentric  lines  of  growth. 

I  have  only  seen  a  single,  somewhat  imperfect,  example  of  this 
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shell ;  its  ohifif  pecnliarity  appears  to  be  its  very  high  and  eenic^ 
figure  in  proportion  to  its  si^e. 
It  is  from  Wollumbilla. 

9.  BHTvcHOiTEXLi.  BvsncA^  sp.  n.    PI.  X.  £g8.  7-9. 

Shell  variable,  usually  wider  than  long ;  beak  acute ;  when  young, 
compressed,  witii  both  valyes  slightly  convex,  without  sinus,  and 
margins  rounded;  with  age,  the  shell  is  furnished  with  a  broad 
sinus  in  the  ventral,  wi&  a  corresponding  convexity  or  mesial 
fold  in  the  dorsal  valve ;  surfiEice  covered  with  strios,  from  20  to 
25  in  number,  which  in  the  adult  shell  are  somewhat  wavy  or  ir- 
regular. 

With  age  the  dorsal  valve  becomes  very  convex,  and  the  frontal 
margin  considerably  thickened.  It  approaches  most  closely  to  the 
Eh.  eoncinna  of  the  Great  Oolite  and  Bradford  Clay ;  but  in  its  ge-> 
neral  aspect  it  is  a  coarser  shell,  and  the  plicse  are  more  irregular. 
I  have  seen  about  twenty  examples,  so  that  it  must  be  very  abun- 
dant. In  the  hollows  of  the  stries  are  occasionally  Polyzoa,  and 
attached  Foraminifera. 

It  is  from  the  Wollumbilla  district. 

10.  EHnrcHoirEiXA  soLCEioiu,  n,  sp,    PL  X,  fig.  10, 

Shell  wider  than  long ;  ventral  valve  with  broad  mesial  sinus,  in 
which  are  four  widely  spreading  oostee,  with  a  single  lateral  costa 
on  either  side  of  the  sinus.  Towards  the  imibo  the  shell  is  smooth, 
and  without  appearance  of  costes. 

Only  a  single  specimen  of  a  ventral  valve  of  this  species  occurs,  in 
one  of  the  Wollumbilla  blocks ;  and  this  is  not  quite  perfect. 

11.  Terebbatella  DAvmsomi,  sp,  n.    PL  X.  figs,  1  &  2. 

Shell  rather  large,  transversely  ovate  or  subtrigonal,  slightly  con- 
vex ;  beak  truncated ;  ventral  area  extended  and  slightly  depressed 
below  a  lengthened,  slightly  rounded  hinge-line.  The  surface  of  the 
valves  exhibits  distinct  but  very  minute  punctations,  and  possessea 
wide  concentric  bands,  on  which  are  regular,  but  much  finer,  lines 
of  growth ;  these  are  crossed  by  numerous  radiating  striae,  which, 
towards  the  margins  of  the  folds,  give  the  shell  a  fimbriated  appear- 
ance, very  fine  plicae  being  visible  on  the  whole  of  the  surface.  The 
larger  or  dorsal  valve  possesses  a  wide  mesial  fold,  with  a  correspond- 
ing sinus  on  the  ventral  valve. 

Three  examples  of  this  very  pretty  species  occur,  but  only  one  is 
free  from  the  matrix  and  tolerably  perfect. 

From  the  Wollumbilla  drift-boulders. 

12.  AviccTLA  Bakklti,  sp.  n.     PL  XI.  figs.  1  &  2. 

Shell  slightly  inequilateral,  orbicular ;  large  valve  convex,  small 
valve  flattened,  umbones  prominent ;  auricles  rather  small,  nearly 
equal. 

The  large  valve  is  slightly  produced  posteriorly,  and  is  ornamented 
by  about  24  radiating  oostas,  which  are  more  raised  and  appear 
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Spinous  on  the  posterior  margin.  The  small  yalve  is  but  very  slightly 
convex,  and  is  very  distinct  in  its  ornamentation  from  the  larger, 
the  costae  being  much  finer  and  about  44  in  number.  The  costce  are 
decussated  by  numerous  regular  concentric  lines  of  growth,  which, 
when  they  meet,  give  them  a  nodulated  aspect.  The  lines  of  growth 
have  been  reflected  or  folded  over  the  anterior  auricle  and  side,  which 
gives  the  shell  a  very  peculiar  appearance.  The  small  valve  possessee 
a  large  and  deep  groove  for  the  passage  of  a  byssus. 

The  punctate  structure  of  the  AvicuHdae  may  be  clearly  distin« 
guished,  by  aid  of  the  lens,  in  this  species.  Sections  of  the  sheUs  of 
this  genus  are  to  be  seen  in  almost  every  block  from  WoUumbilla ; 
but  the  above  is  the  only  specimen  dear  of  the  matrix.  It  is 
from  WoUumbilla,  and  is  named  after  Sir  Henry  Barkly,  late  Go- 
vernor of  Victoria. 

13.  AVICTJLA  KEPLECTA,  sp.  U.      PL  XTL  fig.  1. 

Shell  rather  inequivalve,  rather  longer  than  wide ;  large  valve  re- 
gularly convex;  surface  ornamented  by  about  38  radiating  and 
slightly  undulating  costae,  every  fourth  costa  being  rather  more  pro- 
minent, which  are  crossed  by  widely  separated  interrupted  lines  of 
growth.  The  surface  is  also  decussated  by  thin  bands  of  con- 
centric striae,  which  terminate  with  a  slightly  fimbriated  or  ragged 
edge. 

On  the  back  of  this  specimen,  covering  the  auricles  and  the  umbo, 
a  small  valve  is  attached,  which  probably  belongs  to  it.  In  its 
general  contour  it  resembles  A.  Barklyi;  but  the  longitudinal 
costae  are  finer  and  in  greater  number,  b^ng  as  57  to  44  in  the 
latter ;  these  are  decussated,  as  on  the  larger  valve,  by  very  thin 
wavy  concentric  striae. 

Numerous  examples  of  Planorbulina  Ungeriana  are  attached  to 
the  small  valve ;  and  a  Nattca,  with  a  Lima  and  fragments  of  other 
AvicididcB,  are  in  the  same  block. 

Loe,  WoUumbilla. 

14.  AviOTTLA  UMBONALis,  sp.  n.     PI.  XII.  figs.  2  &  3. 

Shell  thick,  transversely  ovate ;  umbo  produced  and  sharply  in- 
cuived  over  small  valve ;  hinge-line  extended  and  nearly  equal  on 
both  anterior  and  posterior  sides ;  largo  valve  cod  vex,  small  valve 
flattened,  both  of  which  have  longitudinal  striae  and  narrow  wavy 
lines  of  growth. 

This  species  is  represented  by  a  single  specimen,  the  test  of  which 
is  imperfect.  Its  peculiar  hinge-line  clearly  separates  it  from  either 
of  the  other  Australian  species ;  and  its  shell,  imlike  that  of  the  Avi- 
culidae,  is  comparatively  very  thick. 

Loc.  "WoUumbilla. 

15.  AviCTJLA  COBBIENSIS,  Sp.  U.       PI.  XI.  fig.  7. 

SheU  longitudinaUy  ovate,  longer  than  wide,  nearly  equUateral  j 
umbo  distinct,  raised,  curving  over  hinge-line ;  posterior  auricle 
short,  anterior  obsolete ;  anterior  margin  and  front  regularly  round- 
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ing.  Sarf aoe  of  the  shell  ^ith  broadish  radiating  longitadiual  striae^ 
which  appear  to  bifurcate  towards  the  umbo;  in  the  interspaces 
these  are  seen  to  be  crossed  by  fine  concentric  lines  of  growth. 
The  shell  is  slightly  produced  towards  the  posterior  margin.  Small 
yalve  not  known. 

The  above  species,  as  well  as  some  other  of  the  Anstralian  forms, 
appear  to  be  related  to  the  group  of  which  A.  hraamburiensis  may 
be  taken  as  a  type. 

It  was  obtained  £rom  near  Mount  Corby. 

16.  Ayigitli.  sdcplxx^  sp.  n.     PL  XI.  fig.  3. 

Shell  small,  very  inequilateral;  hinge-line  straight;  posterior 
amide  yery  extended,  anterior  auricle  small;  left  valve  convex, 
tiiickening  at  the  centre,  firom  which  proceed  seven  or  eight  radiating 
oostflB ;  right  valve  flattened,  without  costffi.  There  are  also  fine 
concentric  lines  crossing  the  shell. 

The  species  is  not  unlike  the  young  form  of  A,  eostata ;  but  the 
posterior  auricle  is  much  more  product  than  in  that  shelL 

Loc,  WoUumbilla. 

17.  AVICULA.  JBQI7ALI8,  Sp.  U.      PI.  XI.  fig.  4. 

Shell  very  small,  smooth,  convex,  inequilateral ;  auricles  nearly 
equal ;  surface  with  very  faint  concentric  lines  of  growth. 

Only  a  sLogle  example  of  the  left  valve  is  known.  In  form  it  re^ 
sembles  some  of  the  Aviculidss  of  the  Permian  series. 

Loc.  WoUumbilla. 

18.  AvicxTLA,  sp. 

Shell  very  inequilateral ;  posterior  auricle  lengthened,  small  valve 
flattened ;  shell-structure  smooth,  surface  with  about  24  fine  cost® 
radiating  £rom  the  umbo.  On  the  anterior  side  the  shell  possesses  a 
large  notch  for  the  passage  of  the  byssus.  Only  a  portion  of  the 
small  valve  is  known. 

Loe,  WoUumbilla. 

19.  AviCULA.  BTTSSTBIATl,  sp.  U.      PL  XI.  fig.  6. 

SheU  smaU,  inequUateral,  convex;  anterior  auricle  very  smaU, 
posterior  auricle  much  extended ;  anterior  margin  and  front  of  the 
shell  rounding.  The  surface  has  about  13  spreading  longitudinal 
costsB,  crossed  by  faint  concentric  striso.  The  smaU  valve  is  not 
exposed. 

Loe,  WoUumbiUa. 

20.  LncA  GoBDoxrn,  sp.  n.     PL  XII.  fig.  4. 

SheU  ovately  oblong,  inequilateral,  obUque,  thin,  with  about 
15-17  rounded  costse,  which  become  obsolete  on  the  posterior  side, 
and  with  many  concentric  close-set  but  distinct  Unes  of  growth ; 
hinge-line  narrow  and  straight,  posterior  side  rounded,  anterior 
oblique ;  ventral  mai^n  rounded. 

Only  one  good  example  of  this  sheU  has  been  sent  over;  but 
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there  are  oagte  and  imperfect  examples  of  the  same  speoies  which, 
show  that  it  is  not  uncommon.     They  are  all  single  valyes. 

Loc.  WoUumbilla.  It  is  named  after  W.  P.  Gordon,  Esq.,  of 
WoUumbilla,  through  whose  assistance  many  of  these  fossils  have 
been  collected. 

21.  Lima  mitltistbiata,  sp.  n.     PI.  XII.  fig.  6. 

Shell  very  convex,  oblique;  auricles  very  small;  hinge-border 
very  narrow ;  surface  with  about  forty  depressed  rounded  costaD, 
with  narrow  interstitial  spaces. 

The  surface  of  this  shell  is  somewhat  abraded,  and  its  frontal 
margin  is  incomplete.  It  is  very  convex  or  inflated  towards  the 
umbones.    Only  one  specimen  is  known,  which  is  from  WoUumbilla. 

22,  Pbcten  (?)  iEQi;iLDrBA.Tirs,  sp.  n.     PI.  XI.  fig.  11. 

Shell  ovately  orbicular,  moderately  convex ;  surface  covered  with 
numerous  raised  divergent  longitudmal  striaa,  crossed  by  about  the 
same  number  of  equally  raised  ooncentric  costsB,  which  narrow  to- 
wards the  apex,  where,  decussating  the  longitudinal  striae,  they 
present  small  folds  or  punctate-looking  bosses ;  interstitial  spaces 
smooth,  auricles  large,  unequal. 

'This  shell  approaches  nearest  in  ornamentation  to  the  P,  redferus 
of  the  Great  Oolite,  but  it  has  a  much  larger  number  of  concentric 
cost®  and  is  much  more  delicately  marked  than  that  shell. 

Only  one  perfect  example  is  known;  but  fragments  of  several 
others  show  that  it  is  not  an  unconmion  shell. 

Loc.  WoUumbilla. 

33.'  PiscTBN  sociAus,  sp.  n»     PL  XI.  ^z,  9. 

BheU  suborbioular,  moderately  convex;  umbones  convex  and 
pointed,  auricles  large,  unequal,  anterior  one  much  the  largest. 

The  external  ornamentation  of  this  sheU  is  not  weU  preserved ; 
but  it  appears  to  have  been  nearly  smooth,  without  visible  concen- 
tric stria?,  but  with  depressed  radiating  ribs.  In  general  form  it 
is  not  unlike  P.  rigidxis.  It  is  one  of  the  most  abundant  shoUs  in 
the  boulders  from  WoUumbilla,  many  specimens  of  aU  ages  appearing 
on  their  fractured  surfaces. 

Loe,  WoUumbiUa. 

24.  Pectew  GREEKouorocEKSig,  sp.  n.     PI.  XI.  fig.  10, 

SheU  smaU,  ovately  orbicular,  auricles  obHque,  narrow,  unequal ; 
surface  with  very  numerous,  close,  slightly  waving  costas,  about 
forty-eight  in  number,  which  are  crossed  by  very  fine  regular  con- 
centric strisB,  which  give  the  sheU  an  ornate  aspect. 

From  the  Greenough  district.  Western  AustraUa. 

25.  Pecten  fimbbiatxts,  sp.  n.     PI.  XI.  ^g,  8. 

Shell  rather  convex,  with  numerous  longitudinal  slightly  nodu- 
lated costee  at  the  front  of  the  sheU,  and  continuing  to  about  the 
middle,  where  they  die  out,  are  faint  intermediate  striae.    These  are 
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crossed  by  regalar  conoentrio  fimbriated  Btri«9,  which  in  the  inter- 
spaces are  produced  beyond  the  shell.     The  umbo  and  auricles  are 
wanting,  and  the  shell  is  otherwise  imperfect, 
Lo€.  WoUumbilla* 

26.  Pebxa  GieAHTEA,  sp.  n. 

Shell  very  lai^,  measuring  6|  inches  broad  by  6^^  inches  in 
lengthy  inequilateral,  flattened  ;  umbones  depressed  and  rather  pro- 
duced ;  anterior  byssal  area  rounded,  hinge-line  rather  oblique,  ex- 
tending one-third  the  width  of  the  shell ;  posterior  end  oblique, 
rourded  and  folding  towards  the  ventral  margin,  which  with  the 
anterior  end  is  rounded. 

It  is  in  a  sandy  boulder  somewhat  resembling  green  sand,  which 
under  the  lens  is  seen  to  contain  black-lookmg  ohloritic  grains. 
The  boulder  contains  Lhujula  ovalis  and  Mytilus,  which  show  the 
Pema  to  be  of  the  same  ago  as  the  WollumbiUa  series. 

It  is  the  only  example  known,  and  is  from  'WoUumbiUa. 

27.  AncA  pucATA,  sp.  n.     PI.  XII.  fig.  6. 

Shell  small,  quadrate,  left  valve  convex ;  hinge-area  wing-like  and 
extended,  angular ;  posterior  margin  truncated ;  surface  with  a  few 
w^de  radiating  striae,  several  of  the  mo^e  distinct  of  which  are  on 
the  apgulated  portion  of  the  posterior  end. 

Only  one  example  is  known.  It  is  from  WollumbiUa,  and  tho 
block  also  contains  many  LingulcB  and  small  Fectens. 

28.  Abca  pbjblonga,  sp.  n.     PL  XIV.  fig.  7* 

Shell  transverse,  inequilateral;  umbones  rather  close,  anterior; 
hinge-line  long,  with  numerous  close-set  teeth ;  posterior  side  ex- 
tended and  slightly  angulated,  with  a  depressed  keel  crossing  from 
the  umbo  to  the  posterior  ventral  margin.  The  specimen  does  not 
exhibit  the  finer  ornamentation  of  the  test. 

It  is  from  WollumbiUa. 

29.  ASTARTB  APICALIS,  Sp.  U.      PI.  XIII.  fig.  11. 

Shell  small,  trigonal,  fiattened;  umbones  very  acute,  almost 
mesial;  anterior  and  posterior  margins  oblique;  ventral  margin 
straight ;  surface  ornamented  with  distant  raised  and  straight  trans- 
verse lines  of  growth. 

Several  specimens  of  this  species  are  attached  to  one  of  the 
blocks  from  Western  Australia.  It  is  associated  with  Trigonia 
Mooreiy  Lye,  Cuculkea,  &c.,  and  is  evidently  to  be  referred  to  the 
Inferior  Oolite. 

Loe.  The  Greenough  district. 

80.  AsTABiB  Cliftohi,  sp.  n.     PI.  XIII.  fig.  10. 

Shell  thick,  ovately  trigonal,  flattened,  inequilateral;  umbones 
acute,  small,  anterior ;  anterior  side  short  5  posterior  end  t^e  longest, 
very  oblique,  and  produced  tpwards  the  ventral  margin,  which  is 
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ronndod ;  luaule  rather  large,  oval;  concentric  striae  very  numerooB 
and  regular. 

This  shell  approaches  A,  guhtrigofut,  Miinst.,  but  is  too  oblique 
for  that  shell,  and  possesses  much  more  regular  striations. 

From  the  Greenough  river,  Western  Australia. 

31.  ASTABTE  WOLLTJMBILLAEHrSIS,  Sp.  U.      PL  XII.  fig.  12. 

Shell  small,  thick,  ovately  orbicular,  gibbous;  umbones  large, 
mesial;  posterior  side  rather  extended;  anterior  slightly  oblique; 
ventral  margin  rounded ;  shell  covered  with  numerous  regular  con- 
centric rugse,  with  deepish  interspaces,  and  with  three  or  four  inter- 
rupted folds  of  growth. 

Loe,  "WoUumbilla. 

32.  CiTcuLLJSA  tkplltAl,  sp.  n.     PI.  XrV.  figs.  1  &  2. 

Shell  very  gibbous  and  inflated,  longer  than  broad;  umbones 
mesial,  much  raised,  separate,  and  projecting  over  a  hinge-line  which 
is  shorter  than  the  greatest  breadth  of  the  valves ;  dorsal  margin 
rounded ;  posterior  and  anterior  ends  much  truncated,  the  former 
with  an  obtuse  carina,  which  crosses  from  the  umbo  to  the  dorsal 
margin,  towards  which  the  shell  is  much  angulated ;  surface  covered 
by  numerous  regular  concentric  strisB,  which  are  crossed  by  faint 
costse  most  distinct  on  the  anterior  side. 

The  peculiarly  gibbous  and  truncated  form  of  this  shell  readily 
distinguishes  it  from  all  the  other  species  of  this  genus.  In  its 
greatest  width  it  does  not  exceed  2^  inches,  whibt,  measuring  from 
the  umbo  to  the  dorsal  margin,  it  is  3|  inches  long,  the  diameter  of 
the  valves  being  about  2|  inches. 

It  is  from  the  Qreenough  district. 

33.  CvcuLURL  siansTBiATA,  sp.  n.     PL  XIV.  fig.  3. 

Shell  transversely  oblong;  umbones  anterior,  rather  depressed; 
hinge-area  bounded  by  a  lanceolate  striated  space;  posterior  end 
lengthened,  attenuated,  and  angulated,  with  an  obtuse  oblique  carina; 
anterior  end  rather  short  and  rounded ;  surface  covered  by  very  fine 
concentric  strice. 

This  shell  in  its  general  form  approaches  G.  ohlonga,  with  which 
it  is  found ;  but  it  has  a  much  finer  ornamentation,  and  the  radiating 
decussating  striss  appear  nearly  obsolete,  and  can  only  be  detected 
by  aid  of  the  lens. 

From  the  Greenough  district. 

34.  CucrrLiuSA,  sp. 

A  third  species  is  found  with  the  above,  to  be  distinguished  by  its 
being  much  narrower  or  transversely  elongated ;  but  neither  of  two 
examples  are  sufficiently  perfect  for  description.  C,  ohlonga  is  the 
most  frequent  of  this  genus ;  so  that  four  species  occur  in  the  Oolite 
of  "Western  Australia. 

35.  Ctthbkba  Clabkbt,  sp,  n^    PL  XIII,  fig.  1. 

Shell  large,  thick,  rather  compressed,  transrersely  ovftte,  inequi- 
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lateral^  moderately  conyex;  umbones  flattened,  incurved  oyer  a 
large  and  rounded  Innole;  anterior  and  posterior  ends  and  dorsal 
margin  ronnded;  surface  of  the  shell  with  broad  irregular  trans* 
verse  bands  of  growth. 

Fine  examples  of  this  shell  are  present  in  the  Bev.  W.  B.  Clarke's 
collection.  It  is  one  of  the  largest  of  the  Australian  bivalves,  and 
appears  to  have  attained  a  large  size  even  for  a  Cyiherea.  The  specie 
mens  are  not  in  good  condition.  The  largest  example  measures 
6|  inches  in  breadth  by  4^  inches  in  depth.  The  interior  of  one 
of  the  specimens  was  covered  by  Polyzoa  and  SerptUce,  the  casts  of 
which  are  still  seen  in  the  matnx. 

Loes.  One  example  is  from  the  Maranoa  river,  others  being  from 
WoUombiUa  and  one  from  the  Gregory,  north  of  Einnis  Springs,  on 
Stuarf  s  route  from  Adelaide  to  Chambers  Bay. 

36.  Cythebba  eiBBOSA,  sp.  n. 

A  second  species,  much  more  convex  and  gibbous,  with  umbones 
much  thickened,  is  present,  but  the  specimen  is  too  imperfect  for 
description.     It  is  from  Wollumbilla. 

37.  GOKIOltTA  DEPBSBSA,  Sp.  U.      PI.  XIII.  fig.  6. 

SheD  ovately  elongated,  thin,  flattened ;  umbones  close,  depressed, 
mesial;  anterior  end  rounded;  the  middle  of  the  valves  with  a  de- 
pression or  fold  from  the  umbo,  which  widens  to  the  ventral  margin, 
surface  with  broad  curved  rounded  costffi. 

A  single  specimen,  which  has  lost  a  part  of  the  posterior  end, 
represents  this  genus.  The  test  is  not  well  preserved,  so  that  the 
entire  ornamentation  cannot  be  determined. 

It  is  from  WoUumbilla. 

38.  LSDA  AUBTBALIS,  sp.  U.      PI.  XII.  flg.  7. 

Shell  transversely  ovate;  umbones  anterior,  contiguous,  com- 
pressed ;  anterior  side  rounded,  posterior  side  longest,  attenuated ; 
hinge-teeth  small,  numerous ;  dorsal  surface  covered  with  numerous 
transverse  stris. 

Loc.  WoUumbilla. 

39.  LvcrsJL  aitomala,  sp.  n.     PI.  XIV.  fig.  4. 

Shell  nacreous,  thin,  equivalve,  suborbicular,  compressed;  um- 
bones mesial,  dose;  lunule  small,  distinct;  hinge-line  much  ex- 
tended, on  the  posterior  side  rounded,  on  the  anterior  oblique  and 
wing-like. 

Tbe  surface  of  the  shell  possesses  very  close  radiating  longitudinal 
strise,  decussated  by  equally  close  concentric  stris  which  give  the 
shell  a  faintly  reticulated  appearance.  The  longitudinal  stiise  are 
more  distinctly  marked  than  is  usual  with  the  Lueinidce, 

Loe.  WoUumbilla. 

40.  LucnrA  (?)  atjstralis,  sp.  n.     PI.  XIV.  &g.  5. 

SheU  orbicular,  or  longitudinaUy  ovate,  nacreous ;  umbones  mesial, 
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depressed ;  yalyes  slightl j  oonyex ;  hinge-line  on  anterior  side  ex- 
tended and  rather  rounded ;  margin  of  the  yalyes  regularly  rounded  | 
surface  ornamented  hy  very  dose  but  distinct  longitudinal  costSB. 

This  shell  may  be  distinguished  from  the  L.  anomala  by  the  coetes 
being  finer;  and  although  it  is  larger,  the  anterior  hinge-line  is  less 
extended.  Its  surface,  under  the  lens^  presents  a  wrinkled  appear- 
ance, probably  indicating  the  presence  of  fine  concentric  lines  of 
growth  which  hare  been  obliterated^  It  exhibits  broad  concenteio 
bands. 

Loc.  Wollumbilla. 

41.  Mactba  TRiooiTALis,  sp.  u.     Pi.  XrV.  fig.  6. 

Shell  small,  thin,  trigonal;  umbones  rather  anterior;  anterior 
end  rounded  and  rather  angular ;  front  margin  rounded ;  the  sur- 
face is  marked  by  faint  transverse  lines. 

A  thin  slab  from  the  Downs  on  the  Niye  river,  appears  to  be 
almost  composed  of  this  little  shell.  One  species  of  the  genus  is  re- 
corded by  Professor  M'Coy  from  Carboniferous  strata,  and  another  is 
described  from  the  Greensand ;  otherwise  the  genus  is  chiefly  met 
with  in  Tertiary  deposits. 

42.  Mytllus  kitgo-cosTjLttjs,  sp.  n.     PL  XHI.  ^^.  2. 

Shell  thick,  ovately  oblong ;  umbones  terminal  and  acute  ;  pos- 
terior margin  oblique  and  curved ;  anterior  side  produced  and  some- 
what rounded ;  the  dorsal  sxirface  is  obtusely  keeled,  and  towards  the 
umbo  has  very  coarse  irregular  concentric  striae  or  lines  of  growth, 
which  become  finer  towards  the  ventral  margin. 

Unlike  the  Mytilidce  generally,  whose  shells  qiq  usually  thin  and 
fragDe,  this  species  possesses  a  very  thick  test/ especially  in  the  adult 
examples.  When  a  portion  of  the  test  has  adhered  to  the  matrix, 
leaving  an  inner  layer  exposed  on  the  shcU,  the  striae  are  not  seen^ 
and  the  surface  appears  smooth,  giving  it  the  appearance  of  an 
entirely  different  species. 

It  is  from  Wollumbilla,  and  appeaJrs  to  be  frequent. 

43.  Mttilits  plasus,  sp.  n.     PL  XIII.  fig.  3. 

Shell  small,  thin,  ovate,  compressed,  nearly  eqliilateral ;  umbones 
terminal  and  acute,  ventral  margin  rounded ;  dorsal  surface  smooth^ 
with  depressed  concentric  lines  of  growth,  crossed  by  very  fine  radi- 
ating lines,  which  wholly  cover  the  exterior.  Its  fiattened  form,  with 
its  distinct  ornamentation,  readily  distinguishes  the  species. 

I  have  only  seen  one  specimen,  which  is  fit)m  Wollumbilla. 

44.  Mttilits  iNFLATrs,  sp.  n.    PL  XIII.  ^f^.  4. 

Shell  smooth,  slightly  inequivalve,  convex,  both  valves  inflated  ; 
margins  dose-set;  umbones  terminal,  acute,  anterior;  hinge-line 
extended  and  oblique ;  posterior  margin  and  front  rounded ;  dorsal 
surface  smooth,  with  irregular  concentric  bauds  of  growth. 

This  pretty  little  shell  is  to  be  distinguished  by  its  very  inflated 
appearance,  its  more  extended  hinge-line,  and  terminal  umbones. 
Its  test  still  retains  some  colour. 
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Two  examples  aie  in  the  Australian  collection,  both  of  which  are 
torn  WoUumUlla. 

45*  MoDioLA.  xnsicA,  sp.  n.    PL  XIII.  fig.  5. 

Shell  small,  smooth,  obtuse,  conyex,  thickest  at  the  umbones ;  urn- 
bones  subterminal ;  hinge-line  straight ;  anterior  side  produced  and 
rounded;  dorsal  sorfoce  with  a  f^w  flattened  concentric  strite, 
which  are  decussated  by  very  faint  longitudinal  lines.  This  little 
inflated  shell  is  the  only  example  I  have  seen  of  the  genus. 

It  is  £rom  WollumbiUa. 

46.  Mta  Maoooti,  sp.  n.     PI.  XIII.  fig.  8. 

Shell  oTately  oblong,  moderately  large,  tumid,  inequivalve ;  um- 
bones anterior,  incurved,  close ;  anterior  margin  truncated,  angular; 
posterior  end  attenuated,  rounded,  widely  gaping ;  ventral  margin 
slightly  rounded ;  surface  of  the  shell  with  wide  irregular  lines  of 
growth,  the  outer  surface  qf  the  test  where  best  preserved  showing 
it  to  be  very  wrinkled.     It  is  3J  inches  broad  by  2^  in  height. 

I  have  only  seen  one  specimen  of  this  species,  which  has  come 
from  a  deposit  of  dark  blue  limestone.  It  comes  from  between  the 
Amby  and  Maranoa  rivers.  It  is  named  after  Professor  M'Coy,  who 
has  been  for  some  time  engaged  in  the  geological  survey  of  Victoria. 

47.  Pakop^a  buoosa,  sp.  n.     PI.  XIII.  fig.  7. 

Shell  transverse,  ovate,  inequilateral,  inflated,  thickest  and  broad- 
est on  the  anterior  side ;  umbones  acute ;  hinge-line  prominent,  with 
a  raised  ridge  for  Hgamental  attachment ;  anterior  margin  rounded 
and  slightly  gaping ;  from  the  umbo  on  the  upper  dorsal  margin  to 
the  posterior  side  gradually  gaping ;  surface  of  the  shell  with  irre- 
gular concentric  lines,  with  an  external  wrinkled  shell-structure. 

Only  one  example  of  this  shell  is  in  the  collection.  It  measures 
4i  inches  in  breadth  by  2i  inches  in  height. 

It  comes  from  the  Bungeeworgorai  C^k,  twenty  miles  south- 
east from  Mount  Abundance. 

From  the  parasitic  attachments  on  the  interiors  of  many  of  the 
Australian  specimens,  they  appear  to  have  been  dead  shells.  Two 
examples  of  casts  produced  by  the  attachment  of  Girripedia  are  to 
be  seen  on  the  interior  of  this  Panopcea, 

48.  Myacubs  SANFOKnn,  sp.  n.     PI.  XIII.  fig.  9. 

Shell  elongate,  flattened ;  umbones  rather  anterior,  dose ;  anterior 
side  slightly  produced  and  rounded,  posterior  side  lengthened  and 
attenuated ;  front  dorsal  margin  slightly  curving,  with  the  edges  of 
the  valves  dose ;  both  ends  sUghtly  gaping. 

This  shell  approaches  very  dosely  to  M.  ealedformis  of  the  Infe- 
rior Oolite. 

Several  spedmens  of  this  shell  are  in  the  Western  Australian 
collection*  It  appears  to  be  from  the  Inferior  Oolite.  It  is  named 
after  W.  A.  Sanford,  Esq.,  F.G.S.,  to  whom  I  am  indebted  for  the 
Western- Australian  spedmens. 
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49.  Mtaoixxs  plains,  sp.  n.    PL  XII.  fig.  10. 

Bhell  thin,  ovately  elongated ;  ombones  rather  anterior,  depressed,, 
elose ;  anterior  margin  attenuated ;  posterior  side  most  conyex,  with 
an  obtuse  slope  to  a  moderately  rounded  margin ;  inferior  margin 
rounded ;  the  dorsal  surface  possesses  transverse  interrupted  lines  oi 
growth,  with,  in  the  interspaces,  numerous  fine  concentric  striso* 

From  WoUumbilla ;  only  one  example  is  known* 

60.  NucTJLA  CoopEKi,  sp.  u.     PL  XII.  ^.  8. 

Bhell  trigonal,  very  convex;  umbones  rather  anterior,  widely 
separated ;  anterior  side  angular,  posterior  side  rather  produced  and 
attenuated ;  ventral  margin  rounded. 

This  shell,  for  a  iVticuZa,  attains  considerable  size.  It  is  named 
after  Sir  Daniel  Cooper,  Bart.,  late  Speaker  of  the  Sydney  House  of 
Assembly. 

It  is  from  WoUumbilla. 

51.  NlJCULA  TKTTirCATA,  Sp.  U.      PL  XII.  fig.  9. 

Shell  triangular;  umbones  anterior,  compressed;  anterior  side 
very  truncated;  dorsal  margin  rounded;  hinge-line  with  about 
seven  large  teeth  on  the  posterior  side  of  the  umbo,  and  with  four  or 
five  on  the  anterior  side. 

Only  a  single  specimen  of  this  shell  occurs.  It  is  readily  distin- 
guished from  y,  Coaperi  by  its  more  compressed  form  and  truncated 
margin. 

Loc.  WoUumbilla. 

52.  Thbacia  Wilboki,  sp.  n.    PL  XIV.  fig.  8. 

SheU  thin,  transversely  ovate,  slightly  inequivalve,  compressed ; 
imibones  obtuse,  anterior ;  anterior  side  short  and  roundly  truncated, 
posterior  side  rounded  and  angular ;  Ugament  external,  anterior  to 
the  umbones ;  dorsal  surface  covered  with  very  fine  irregular  wavy 
lines  of  growth,  which  become  oblique  on  the  posterior  margin. 

The  right  valve  possesses  a  slight  sinus  towards  the  centre  of  the 
ventral  margin,  with  a  corresponding  elevation  on  the  opposite  valve. 
Two  specimens  of  this  sheU  have  been  found.  Breadth  3  inches, 
height  2^  inches. 

One  is  from  the  Amby  river,  the  other  from  the  Bungeeworgorai 
creek.     It  is  named  after  J.  B.  Wilson,  Esq.,  of  Bungeeworgorai. 

53.  Takcbedia  FLA^i,  sp.  n.     PL  XIII.  ^g,  13. 

SheU  thin,  smooth,  flattened,  transversely  ovate,  rather  incqui- 
yalve ;  anterior  side  rounded :  posterior  margin  oblique ;  surface  of 
the  sheU  covered  by  very  fine  transverse  striations. 

The  matrix  contains  portions  of  Aviculu  &c. 

Only  one  example  is  known.  It  is  from  Blythesdale,  fifteen  milea 
from  WoUumbilla. 

64.  Trigonia  Mooeet,  Lycett,  sp.  n..    PL  XIV.  figs.  9  &  10. 
[AlUed  to  T.  costata,  but  has  the  general  figure  more  ovate  and 
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depressed ;  fhe  nmbones  are  more  mesial,  less  recurved  and  lees  pro-* 
minent ;  ^e  area  is  larger,  its  proportions  being  as  1  to  1^  com- 
pared with  the  costated  portion  of  the  shell ;  in  T,  costata  it  is  as 
1  to  2| ;  the  area  is  not  concave,  but  has  a  median  groove  replacing 
&e  nsual  median  carina,  and  there  is  scarcely  any  inner  carina ;  the 
mai^ginal  carina  is  very  large  and  broad,  but  not  much  elevated,  with 
regular  large  transverse  lamellse ;  anterior  to  the  carina  is  a  well- 
marked  smooth,  depressed,  oblique  sulcus ;  the  costas  are  numerous^ 
short,  simply  and  concentrically  curved,  rising  upwards  to  meet  the 
anterior  border  at  a  considerable  angle ;  in  T.  costata  the  costsB  meet 
the  border  horizontally  with  a  slight  undulation ;  in  the  advanced 
stage  of  growth  the  costee  are  continued  postically  across  the  carina 
and  area,  forming  a  slight  undulation  as  they  cross  the  depressed  pos- 
tero-oostal  furrow.  These  several  characters  will  in  the  aggregate 
serve  sufficiently  to  distinguish  it  from  all  the  known  European 
forms  of  the  costated  Trigonice. — J.  L.] 

55.  Trigowia  lineata,  sp.  n.    PL  XIII.  fig.  12.    Myophyria,  M'Coy, 

Shell  thick,  equivalve,  inequilateral,  gibbous,  as  broad  as  long ; 
umbones  convex,  recurved  towards  the  anterior  margin ;  anterior  side 
and  ventral  margin  rounded;  posterior  angle  somewhat  rounded; 
marginal  carinsB  absent ;  shell  gradually  sloping  to  the  front ;  surface 
with  dose-set  regular  transverse  concentric  strieD,  about  twenty  in 
number,  which  on  the  anterior  margin  possess  depressed  tubercles. 

Two  specimens  of  this  shell  have  been  sent  over — ^the  one  a  cast 
showing  the  teeth,  the  other  with  the  test  much  abraded  and  there- 
fore exhibiting  probably  but  imperfectly  the  surfiGuse  characters  that 
might  be  present  on  better  examples. 

The  contour  and  the  ornamentation  of  this  shell  remind  us  of  T. 
gihbosa  of  the  Portland  Oolite,  but  it  is  more  generally  roimded  and 
gibbous  than  that  species. 

Professor  M'Coy,  in  his  catalogue  of  the  Australian  Mesozoio 
species,  places  it  under  Myoplioria ;  but  it  does  not  possess  the  oblique 
keel  and  the  acute  posterior  side  of  that  Permian  and  Eheetic  genus, 
which,  moreover,  never  attains  the  size  of  this  shell. 

From  the  Wollumbilla  deposit. 

56.  Tebsbo  austbaxis,  sp.  n.     PL  XII.  fig.  11. 

Shell  small,  convex,  rather  quadrate ;  umbones  mesial ;  surface 
with  a  curved  furrow  proceeding  from  the  umbo  to  the  centre  of  the 
ventral  margin,  and  with  numerous  transverse  strisB,  which  pass 
obliquely  into  the  mesial  furrow,  especially  from  the  anterior  side ; 
antmor  end  with  six  or  seven  faint,  close  longitudinal  strisB,  which, 
decussating  the  transverse  lines,  give  it  a  wavy  look ;  anterior  mar- 
gin reflected  and  gaping. 

A  numerous  colony  of  these  shells  was  attached  to  a  piece  of 
fossil  wood,  the  impression  only  of  which  is  left  in  the  stone.  They 
occur  in  the  block  with  CugMobcs^  TrigonioBy  <&c.  of  Oolitic  age,  from 
Western  Australia* 
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67»   ACT-BOK  HOCHBTETTSRI,  flp.  D.      PL  X*  fig.  10. 

Shell  rather  small,  ovate ;  whorls  five ;  spire  rather  elevated, 
acute ;  whorls  covered  by  close,  distinct,  encircling  transverse  striffi^ 
about  thirty  in  number  on  the  body-whorl,  which  is  rather  convex  * 
aperture  not  exposed. 

In  general  appearance  this  shell  is  not  unlike  A.  puUus,  Lycett, 
but  the  striee  with  which  it  is  ornamented  are  much  more  numerous. 
It  is  from  Wollumbilla.  It  is  named  after  Dr.  F.  von  Hochstctter, 
who  has  published  a  valuable  work  on  the  geology  of  Now  Zealand. 

Only  one  specimen  is  known. 

68.  AcTJson  DEPEBssrs,  sp.  n.    PI.  X.  hg.  20. 

Shell  small,  conical ;  spire  with  five  volutions,  rather  depressed ; 
body-whorl  with  about  fifteen  rather  distant  striae ;  aperture  ovate. 

Although  this  shell  is  not  in  good  condition,  it  is  clearly  separable 
from  A,  Hochstetteri  by  its  more  depressed  figure,  and  by  the  differ- 
ence in  the  external  striae.  I  have  only  seen  one  example,  which  is 
also  from  Wollumbilla. 

59*  Ge&ithiuie  obbbeouohiensis,  sp.  n*     PL  X.  fig.  22. 

Shell  small,  narrow,  tapering ;  apex  acute ;  volutions  7-8,  sepa- 
rated by  a  narrow  encircling  suture,  and  ornamented  with  short, 
straight  longitudinal  oostae,  bounding  which  are  a  row  of  nodula- 
tions. 

In  the  block  with  Trigonia  Moorei  &c.,  from  the  Qreenough  dis- 
trict. Western  Australia. 

60.  Delphinula  eeflecia,  sp.  n.     PL  X.  fig.  21. 

Shell  rather  small,  turbinated;  whorls  3-4;  spire  slightly  ele- 
vated; volutions  separated  by  an  encircling  sinus;  body-whorl 
much  increased ;  aperture  circular,  with  a  thick  refiected  lip. 

Only  one  specimen  is  known,  the  test  of  which  is  not  in  good 
condition.    It  is  from  Wollumbilla. 

61.  DENTALnTH  LIKEATTTH,  Sp.  U. 

Shell  tubular,  rather  thin,  tapering  and  slightly  curved. 
Three  specimens  occur  with  the  Queensland  series,  all  of  which 
are  from  Wollumbilla. 

62.  Natica  variabilis,  sp.  n.     PL  X.  fig.  15. 

Shell  very  thick,  broader  than  high;  spire  of  3-4  volutions, 
somewhat  depressed;  body- whorl  increasing  rapidly  in  size  and 
extended ;  aperture  ovate  ;  umbilicus  small. 

This  species  is  abundant,  and  I  have  had  an  opportunity  of  exa- 
mining specimens  in  various  conditions.  When  the  body  of  the 
shell  has  been  worn,  it  presents  a  rugosely  striated  surface ;  but  in 
smaller  examples,  in  wmch  the  shell  is  usually  better  preserved,  the 
test  is  seen  to  have  a  comparatively  smooth  striated  exterior. 

Loc.  Wollumbilla. 
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63.  NaTICA  OSNATISSDIA,  sp.  n.     Pi.  X«  fig.  16. 

fiOiell  small  |  epire  depressed ;  whotls  conrex,  the  last  very  rounded 
and  globoee ;  aperture  large  and  circular. 

61iell-«tructare  smooth,  with  hroad  bands  of  growth  at  intervals, 
within  or  on  the  surface  of  which  are  finer  striations.  The  shell 
still  retains  some  of  its  original  colour. 

One  specimen  only,  ttoiea.  Wcdhunbilla. 

64.  BissoiKA  AusiBALiB,  sp.  u.     K.  X.  fig.  23. 

Shell  very  small,  moderately  elevated,'  spire  consisting  of  five 
rounded  or  convex  Volutions,  with  distinct  rounded  sutures,  which 
are  ornamented  with  numerous  longitudinal  costas. 

I^his  shell,  which  is  very  minute,  is  i&om  Western  Australia.  Only 
one  specimen  has  been  recognised. 

65.  TtmBo  AusTEALis,  sp.  u.    PI.  X.    figs.  17  &  18. 

Shell  MUall,  disomdal ;  spire  obtuse  and  much  deiMmuied ;  whorls  4, 
the  outer  ciroumfurenoe  convex ;  surface  with  slightly  curved,  de^ 
pressed  lines  of  growth  $  mouth  large,  ovate. 

This  fliell  is  frma  Wef tern  Austraiia. 

66.  Cbiocebas  AVSTBAI2,  sp.  n.     PI.  XY.  ^g,  3. 

Shell  very  large>  discoidal  \  whorls  rounded,  incurved,  the  inner 
whorls  rather  closely  fitting  but  separatoi  In  the  younger  state,  as 
seen  in  the  reduced  figure,  ^e  shell  possesses  regular  rounded 
slightly  curved  ribs  with  intervening  roimded  sulci,  which  increase 
in  width  with  the  age  of  the  sheU.  In  the  adult  shell  the  ribs 
become  widely  separated,  the  largest  chamber  measuring  at  the  back 
3|  inches,  and  they  possess  very  acute  ridges,  with  two  depressed 
bosses  on  either  side,  the  depressions  between  the  ribs  being  regu- 
larly concave. 

llie  block  containing  the  last  five  chambers  of  the  shell  is  slightly 
compressed  on  the  back ;  and,  though  it  is  not  complete,  the  mouth 
measures  7^  inches  in  depth  by  7  inches  in  breadth.  The  siphuncu- 
eular  tube  ia  small  and  situated  immediately  under  the  back  of  the 
shell. 

There  appears  no  reason  to  doubt  that  the  larger  chambers  belong 
to  the  smaller  whorls,  though  the  connecting  portions  are  wanting. 
When  complete,  it  is  probable  the  shell  attained  nearly  twice  the 
dimensionB  of  the  0.  Bowerbankii  of  the  Lower  Greensand.  Its 
omam^itation  is  proportionally  much  coarser  than  in  that  species. 

On  the  interior  of  the  sh^U  are  attached  Polyzoa,  SerpulcBf  and 
other  remains  identical  with  those  on  the  interior  of  the  Cytherea 
daricti  previously  noticed,  flpom  which  there  appears  no  doubt  that 
that  shell  and  the  Crioceras  are  identical  in  age ;  and  as  no  example 
of  OnoctroB  has  yet  been  obtained  out  of  the  Neocomian  period, 
1%  is  r^anonable  ib  infisr  that  they  represent  it  on  the  Australian 
continent. 

B 18  litom  the  diatriet  of  the  Upper  Maranoa. 
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?  TBUTHI8.      PI.  XVI.  fig.  8. 

Bmall  portions  of  the  shaft  of  a  pen  with  the  lateral  expansion  of 
the  wings  indicate  the  presence  of  a  Cephalopod  allied  to  the  Gala* 
maries.  The  remains  I  have  noticed  are  all  yery  fragmentary,  the 
largest  being  figured  as  above.    They  are  irom  Wollumbilla. 

AvSTBALIAir  BsLBianiES. 
Note  by  Prof.  John  Phillips. 

Of  three  species  which  are  in  the  Australian  collection  sent  me  by 
Mr.  C.  Moore,  the  first,  a  large  phragmocone  typical  of  the  Oolitic 
system  (meaning  by  this  the  whole  series  of  beds  from  the  Middle 
I^as  to  the  Kimmeridge  Clay  inclusive)  is  5*5  inches  long,  its  great- 
est diameter  1*75,  the  section  nearly  circular.  Above  forty  septa 
can  be  counted ;  and  the  whole  number  must  have  been  fifty,  with- 
out reaching  the  last  chamber.  The  septa  are  a  little  oblique,  ad- 
vancing in  the  dorsal  and  retiring  a  little  on  the  ventral  face,  with  a 
slight  lateral  flexure.  Depth  of  the  chambers  about  one-sixth  of  the 
diameter.  Siphunde  clearly  internal,  its  section  rather  ellipticaL 
The  phragmocone  is  nearly  straight,  with  an  angle  of  18°. 

Of  the  guard  only  a  slight  indication  of  a  subcentral  axis  can  be 
recorded.  I  cannot  at  present  assign  its  distinctive  characters. 
Wollumbilla. 

The  second  species  occurs  in  Queensland,  and  is  represented  by 
several  frusta  of  the  guard,  but  no  phragmocone.  It  is  not  identical 
with  any  European  or  Indian  form  known  to  me. 

67.  BBLEinrirBs  attstbaus,  sp.  n.     PI.  XYI.  figs.  1-5. 

Ouard  hastate,  depressed  in  the  postalveolar  region  by  late- 
ral expansion ;  ventral  face  somewhat  flattened,  but  without  trace 
of  a  ventral  groove  ;  two  lateral  grooves  sharply  cut,  and  approxi- 
mating to  the  ventral  face  in  the  alveolar  region,  thence  bending 
toward  the  dorsal  aspect,  and  continued  in  a  fine  stiia  on  the  middle 
of  the  side  (figs.  1,  2). 

Length  4^  inches  to  the  point  where  the  guard  grows  thin  over 
the  phragmocone ;  diameters  at  the  alveolar  apex  0*725  and  0*600, 
further  back  in  the  more  flattened  part  0*770  and  0-600.  Axis  of 
the  guard  3-300. 

Proportion  of  axis  to  ventro-dorsal  diameter  aa  550  to  100,  of 
ventral  to  dorsal  radius  40  to  60. 

Phragmocone  unknown.  Its  angle  20°.  A  younger  specimen, 
marked  '*  Ward,  C.  K.,"  is  more  distinctly  hastate,  and  shows  the 
flexure  of  the  lateral  groove  more  clearly  than  the  others  from 
"  Queensland."     Figs.  3,  4. 

A  much  older  specimen,  also  marked  "  Ward,  C.  K.,"  is  a  split 
half,  the  fissure  being  dorso-ventral.  It  shows  the  lateral  groove, 
marked  with  a  double  stria,  and  the  nearly  straight-sided  excentric 
alveolus.  The  axis  of  the  guard  is  curved,  and  channelled,  as  in  some 
specimens  from  the  Oxford  Oolite.  The  ventral  portion  is  to  the 
dorsal  as  40  to  60 ;  the  axis,  as  is  usual  in  old  specimens  of  hastate 
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BelemniteSy  is  not  longer  than  in  youth^  and  its  proportion  to  the 
diameter  is  reduced  to  240  :  100. 

These  fossils  appear  on  the  whole  most  allied  to  BeUmniies  has- 
talus  of  Blainville^  and  to  the  depressed  variety  of  it  which  occors  in 
the  Oxford  Clay  of  England.  But  they  are  entirely  distinct  by  the 
lateral  grooves  being  so  sharply  cut  over  the  alveolar  and  postalveolar 
region,  and  by  the  absence  of  ventral  groove. 

There  is,  indeed,  one  specimen  (the  posterior  part  of  a  large 
guard)  marked  Upper  Maranoa  river,  which,  with  portions  of  the 
lateral  grooves,  shows  along  the  ventral  face  a  partially  impressed 
but  interrupted  groove,  not  unlike  some  appearances  on  BeUm- 
niies sulcatus  of  ^e  Oxford  day  of  England.  The  lateral  grooves 
show  ramifications,  and  appear  not  to  bend  backward*  It  may  be  a 
different  but  aUied  species. 

Finally  there  is  a  small  nearly  cylindrical  Belemnite,  with  a  sub- 
central  axis  and  an  acute-angled  alveolar  cavity.  It  has  one  long 
narrow  groove,  not  clearly  seen  to  be  a  ventral  groove.  Though 
incompletely  exhibited,  it  must  be  a  distinct  species  from  the  others. 
It  b  marked  Upper  Maranoa.  It  is  not  one  of  the  Canalicvilaii^  but 
more  probably  one  of  the  Hasiati, — J«  P. 

Since  the  above  notes  were  made  by  Professor  Phillips,  I  have  buc-> 
oeeded  in  opening  up  two  imperfectiy  exhibited  specimens  in  a  block 
from  WoUumbilla  (PL  XVI.  %.  6),  respecting  which  he  remarks  '*  that 
they  belong  to  young  Belemnites  and  show  the  phragmocone  in  situ, 
and  the  straight  nearly  central  axis  of  the  guard,  witii  a  small  canal. 
The  cross  section  of  the  phragmocone  is  distinctly  elliptical  and  ob- 
long ;  the  siphuncle  is  clearly  enclosed ;  longitudinal  dorsal  strisd 
very  distinct.  I  have  made  a  sketch  of  these  points,  which  on 
the  whole  make  me  adhere  to  the  opinion  of  the  Oolitic,  and  perhaps 
liassic,  affinity  of  this  shell.  It  appears  to  be  most  nearly  allied  to 
B.  paxUlosuSy  but  to  be  distinct  by  its  elliptical  phragmocone  :  this 
eUipticity  diminishes  with  age." 

DESCBIPTION  OP  PLATES  X.-XVm. 
(All  the  figures  are  of  the  natural  eizq^  exoept  where  etated  to  be  otherwiee.) 

PlatbX. 

Pig.  1.  TerebrateBa  DavieUouii,  Moore,  dorsal  valve. 

2.  GDhe  same,  ventral  valre. 

3.  Jrffyope  woUuvdnHaensUy  Moore,  dorsal  valve^  enlarged  one-half. 

4.  The  aame,  yentral  valve,  enlarged  one-half. 

5.  The  same,  interior  of  dorsal  vaiTe*. 

6.  A.  punctata^  Moore,  dorsal  valve,  enlarged, 

7.  BhynehoneUa  rusdca^  Moore,  dorsal  valye. 

8.  The  same. 

9.  The  same,  ventral  valye,  yonncer  specimenr 

10.  B.  solitaria,  Moore,  ventral  yalve. 

11.  i?.  varialrilis,  Scbloth.,  dorsal  valve,  rather  enlarged. 

12.  The  same,  ventral  yalve,  rather  enlarged. 

13.  Discina  apicdlis,  Moore,  enlarged, 

14.  Lmffula  ovalis.  Bow. 

15.  NoHca  variobiHa,  Moore. 
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16.  Ao^ici^  omaiinuiut,  Moore. 

17.  7V<r6o  australis,  Moore,  front  riew,  epjargw. 

18.  The  same,  back  view,  enlarged. 

19.  ActiBon  Bochsteiteri,  Moore,  rather  enlarged. 
aO.  A.  d*wrt$au8,  Moore,  rather  enUuqgpd. 

21.  jMpiinuh  rtJUota,  Moore,  enlarged. 

22.  Ceriihium  greenougkiensU,  Moore,  enlaiged. 

23.  Bitaoina  autiralis,  Moore,  enlarged. 

Pi^tbXI. 
Fig.  1,  AvUnOa  Barklpi,  Moore,  right  valve, 

2.  The  same,  left  valve. 

3.  A.  simplex,  Moore,  enlarged. 

4.  -4.  <tquali9,  Moore,  enlarged. 

5.  A.  ifraamburiensisy  Phil.,  rather  enUiged. 

6.  A.  substriatat  Moore,  enlarged. 

7.  A.  corhiensis^  Moore. 

8.  PecUn  fimbriatxi^  Moore. 

9.  P.  socUt'lSf  Moore. 

10.  P.  g.^eenoughiermSf  Moore,  enlarged. 

11.  P.  (?)  igquiiweaiut,  Moore. 

Plate  XII. 
Fig.  1.  AmctOa  r^fiecta,  Moore,  reduced  one-half:  a,  right  valve;  *,  left  valve. 

2.  A.  umbonaUs,  Moore,  left  valve. 

3.  The  same,  right  valve. 

4.  Lima  Qordoniiy  Moore. 

5.  Xr.  mtUHatriata,  Moore, 

6.  Arcaplicatay  Moore,  enlarged. 

7.  Leda  australU,  Moore,  enlarged. 

8.  Nucula  Cooperi,  Moore. 

9.  N.  truncata,  Moore. 

10.  Myacites  planus,  Moore. 

11.  Teredo  australis,  Moore,  enl^rgod. 

12.  AaiarU  woUumbillaewM,  Moore,  enlarged. 

Pla»b  xin. 

Fig.  1.  CytierM  Clopkei,  Moore,  reduced  to  one-fourth.' 

2.  MviUtts  rvgo-oostaiu^  Moore,; 

3.  M.planu8y  Moore. 

4.  M.  infiatus,TA.ooTt, 

5.  Modida  unica,  Moore,  enlarged. 

6.  Goniomya  di^reaa,  Mqore. 

7.  Pa»op<ea  rugosa,  Moore,  reduced  one*half. 

8.  Mya  Maccoyh  Moore,  reduced  one-half. 

9.  Myacites  Sanfordii,  Moore,  reduopd  one-half. 
10.  Astarie  Cliftoni,  Moore,  enlarged. 

11.-4.  apicalis,  Moore,  enlarged. 

12.  Trigonia  lineata^  Moore. 

13.  Tancredia  plana,  Moore. 

PlatpXIV, 
Pig.  1.  CucuJUea  infiata,  Moore,  redueed  one-half . 

2.  The  same,  showing  hinge-line. 

3.  C,  eemistriata,  Moore,  reduced  one-half. 

4.  Lucina  (?)  anomala,  Moore. 

5.  L,  (?)  attstralis,  Moore. 

6.  Mactra  triyonaHs,  Moore,  enlarged. 

7.  -rfrcajprfijfonara,  Moore,  enlarged. 

8.  TItracia  Wilsoni,  Moore,  reduced  one-half. 

9.  THgonia  Moarei,  Lycett,  left  valve,  reduced  one-half. 

10.  The  same,  right  valve,  nat.  size. 
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Plati  XV. 
Fig.  1.  Arnmoniies  aalensis,  yar.  Moorei,  Ljoett,  reduced, 
2.  A.  radians,  Bein.,  reduced, 
d.  OrwceroM  austrah,  Moore,  reduced. 

4.  Jmmomtet  Broeekii,  Bow.,  reduced. 

5.  A,  meeroeepkahts,  Sohloth.,  reduced. 

Plate  XVI. 
Fig.  1.  Lftteral  view  of  Bekmniies  au$traH»,  n.  sp.,  ehowing  the  lateral  grooye 
with  purtial  interruptiona.    From  Queenilaud. 

2.  Ventral  aspect  of  the  aome,  ahowing  no  grooTe  along  the  middle,  but 

two  lateral  grooves. 

3.  Ventral  aspect  of  a  younger  specimen,  showing  two  lateral  grooTCS,  but 

no  Tentnd  groove.    From  Ward  Creek. 
i.  Lateral  aspect  of  the  same,  showinir  the  lateral  groove  and  its  flezuFe. 

5.  Cross  section  of  the  guard  behind  the  alveolar  apex. 

6.  Section  of  BelemniieapaxiUosw  ?,  ahowing  phragmooone,  canal,  i^nd  dorsal 

stris,  nat.  size. 
6  a.  Section  showing  alveolar  chamber  and  siphuncular  tube. 
6  b.  Section  of  the  guard. 

7.  Beltmnitea  eanaUoulatua,  Schlot,  showins  canal. 

8.  IhUhis  (?),  fragment  of  the  pen,  enlarged. 

PLAT!  XVIT. 

Fig.  1.  Punaipkoma  ClofkH^  Boweibank. 

%  Lepraka?  ooHiica,  Moore ;  2  a,  three  eells  magnified. 
3.  Pentacrinus  australis,  Moore,  showing  base  of  pelvis. 

Flaw  XVni. 

Fig.  1.  PetUaoHnuB  austroHs,  Moore,  showing  the  interior  of  the  pelvis  and 
ibe  itruoture  of  the  arms. 


2.  Notes  on  a  Plakt-  and  Ikbxct-bxd  on  the  BocfKT  Eiysr,  Nbw  Boitth 
WAI.B8.  3j  Chables  Hoobs,  E.G.S. 
(Bend  November  10, 1869*.) 
[Plate  XVm.] 
SciCB  my  paper  on  Mesozoio  Australian  Geology  was  written,  a  lady, 
who  had  for  some  time  resided  in  New  Soutu  Wales,  whilst  on  a 
visit  in  Bath,  requested  me  to  look  at  some  minerals  she  had  brought 
with  her  from  Australia ;  and  these  consisted  chiefly  of  auriferous 
quartz,  variegated  sandstones,  and  other  specimens  most  likely  to 
attract  a  lady  collector.  Amongst  them,  however,  was  a  block)  a 
few  inches  square,  of  what  was  supposed  to  be  coaJ,  which  at  first 
view  looked  very  much  like  the  Tertiary  brown  coal  of  Germany, 
and  which  Dr.  von  Hochstetter,  in  his  account  of  the  Geology  of 
New  Zealand,  has  shown  to  occur  extensively  in  that  colony.  Its 
examination  led  me  to  observe  that  it  was  not  bituminous,  and  that 
it  was  only  a  piece  of  chocolate-coloured,  micaceous,  laminated  nmrl, 
Thinking  it  possible  that  it  might  contain  Microzoa,  the  request 
that  I  might  have  it  for  examination  was  readily  assented  to. 

A  memorandum  on  the  block  of  marl  indicated  that  the  bed  &om 
which  it  came  was  ten  feet  thick,  and  that  it  was  met  with  in 
sinkiDg  a  shaft  for  gold,  at  a  depth  of  from  100  to  110  feet,  on  tho 
banks  of  the  Eocky  Biver,  Sydney  Mats. 

*  See  p.  2  of  the  present  volume  of  the  JoumaL 
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In  the  New-South-Wales  Catalogae  of  the  International  Ezbibi- 
tion,  T.  Dalton,  Esq.,  remarks,  on  the  Eocky-Eiver  district,  that 
vegetable  remains  were  found  in  a  silicified  state  amongst  the  lowest 
strata  of  sand,  resting  upon  the  granites,  bmieath  the  basalt  on  all 
parts  of  this  gold-field.  Eespecting  the  chiys  that  intervene  between 
the  basalts  and  drifts  of  quartzose  sand,  he  says,  <'  In  some  eases 
these  clays  alternate  with  sand-drifts.  There  is  no  sheet  or  stratum 
of  day  extending  over  the  entire  Flat  at  any  given  depth  beneath 
the  basalts  ;  on  the  contrary,  they  vary  in  colour  and  thickness  in 
almost  every  claim ;  on  the  southern  part  of  the  Flat,  bufP,  black, 
and  pure  white  predominate.  All  these  sands  and  clays  appear  to 
hare  been  derived  &om  the  decomposition  of  the  neighbouring  gra- 
nites and  their  quartz-veins." 

"  Sydney  Flat  is  a  depression  situated  just  beneath  the  basaltic 
plains  that  form  the  summit  of  the  main  range.  It  is  bounded  on. 
the  south  by  Mount  Jones,  and  on  the  north  by  Doghertys  Hill, 
The  granite  under  Mount  Jones  crosses  Sydney  Flat,  and,  passing 
under  Dogherty's  Hill,  maintains  a  general  level,  with  the  exception 
of  bars  trending  north  or  north-east,  the  channels  between  which 
are  full  of  now  soft  granite,  which  falls  to  pieces  at  the  touch." 

I  have  already  pointed  out*  that  the  surface  of  the  Australian  con- 
tinent appears  to  have  been  subject  to  great  denudation,  the  Sydney 
Flat  district  being  another  evidence  of  the  fact,  in  which  thicjc 
drifts  and  dense  conglomerates  have  to  be  passed  through,  with  occa- 
sional beds  of  clay  or  marl,  to  reach  the  auriferous  deposits  of  the 
granitic  basin  below ;  whilst  these  are,  in  their  turn,  covered  up  by 
basalts  of  probably  Tertiary  or'Posttertiary  age. 

It  would  appear,  at  first  view,  that  drifts  of  such  great  thickness, 
and  covering  so  large  an  area,  must  have  been  attended  by  pheno- 
mena altogether  unfavourable  to  the  preservation  of  the  more  deli- 
cate organisms  of  the  period  when  they  were  deposited ;  but,  on 
the  contrary,  it  will  be  seen  that  not  only  the  vegetation  but  the 
most  fragile  insect-life  of  the  period  may  be  found  in  the  marls  and 
clays  intercalated  with  the  auriferous  drifts  of  the  Eocky-Eiver 
district.  It  is  probable  from  this  that  the  drifts  have  been  depo- 
sited at  varying  intervals,  and  that  there  have  been  periods  of  repose 
within  which  the  laminated  marls  and  days,  which  are  associated 
with  them,  were  slowly  accumulated  in  the  basins  in  which  they 
are  now  found,  whilst  often  these  may  have  again  been  partially 
denuded  by  the  recurrence  of  the  phenomena  which  produced  the 
drifts  above  them,  and  with  which  ^ey  are  assodated. 

On  proceeding  to  examine  the  piece  of  laminated  marl,  I  detected 
the  presence  of  vegetable  remains,  and  soon  succeeded  in  opening 
up  a  tolerably  perfect  leaf,  though  wanting  its  apex,  of  some  dicoty- 
ledonous plant.  This  was  followed  by  a  second  leaf,  bdonging  to 
the  same  order,  but  to  a  different  plant ;  whilst  a  third  genus  is 
shown  by  the  upper  part  of  a  flat  narrow  leaf,  evidently  allied  to 
the  Coniferse.  The  last  appears  to  be  abundant,  as  three  or  four 
examples  were  present,  one  or  two  of  which  were  sufficiently  well 
♦  Vide9ttprh,p.233, 
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pre^rred  to  be  separated  from  the  matrix.  In  addition  to  these, 
there  is  what  appears  to  bej  a  seed-vessel,  of  an  oval  shape,  whilst 
the  impressiens  of  what  are  probably  other  seeds  are  to  be  detected 
on  the  laminas  of  the  marh 

Mr.  Carmthers,  of  the  British  Museum,  who  has  been  kind 
enoagh  to  examine  the  specimensy  thinks  it  undesirable,  as  thej  are 
•not  quite  perfect,  to  assign  them  a  place  or  generic  position,  without 
further  examples ;  but  he  states  that  they  are  probably  of  Tertiary 
age,  although  similar  dicotyledonous  leaves  occur  in  the  Secondary 
rocks  of  North  America,  and  also,  though  more  rarely,  in  those  of 
Europe. 

It  was  my  intention  (having  observed  these  specimens)  to 
remark  on  the  probability  of  finding  fossLL  insects  in  association 
with  these  plants,  and  to  adrise  my  Australian  friends  to  keep 
a  look-out  for  them.  Subsequently,  however,  by  a  closer  exa- 
mination of  the  marl  itself,  I  had  the  pleasure  of  detecting  their 
existence  in  it,  and  of  obtaining  evidence  of  the  presence  of 
the  earliest  known  fossil  insects  in  Australia.  The  first  which 
attracted  my  attention  was  a  small,  black,  shining,  highly  orna- 
mented elytron  of  a  beetle,  partly  concealed  in  the  matrix ;  but  in 
endeavouring  to  uncover  it,  the  specimen  sprang  out  bo^y,  and 
proved  too  brittle  to  be  preserved.  Ten  other  insects  were  after- 
wards obtained  from  the  same  block.  The  most  abundant  belong  to 
the  Coleoptera,  both  double  and  single  elytra  being  present,  some 
of  them  having  the  punctate  strisa  well  preserved.  There  are  single 
specimens  which  may  belong  to  Ct/phon,  and  also  a  minute  annulose 
body  which  may  be  a  larva. 

As  some  of  these  insects  are  very  small,  it  will  be  undesirable  at 
this  time  to  do  more  than  record  their  presence  in  the  Australian 
Tertiary  deposits,  leaving  their  description  until  a  larger  series  shall 
have  been  obtained.  There  can  be  no  doubt,  from  the  apparent 
abundance  of  both  plants  and  insects,  that  a  rich  harvest  awaits  those 
palaeontologists  who  will  give  attention  to  these  interesting  beds. 

EXPLANATION  OF  PLATE  XVIIL     Figs.  2-11. 

2-0.  Bemains  of  Coleoptera,  from  New  South  Wales. 

10.  Larra,  probably  of  OxyteltSj  from  New  Soath  Wales. 

11.  Insect,  probably  allied  to  Oydnw,  from  New  South  Wales. 
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1.  TEANSACTIONS  AND  JOURNALS. 
Presented  by  the  respective  Societies  and  Editors, 

Academy  (Journal).    Nos.  2  &  3.    November  and  December  1869, 

American  Academy  of  Arts  and  Sciences.     Proceedings.    Vol.  vii* 
pp.  34S-^25.    1868. 

American  Journal  of  Science  and  Arts.     Second  Series.    Vol.  xlviii* 
No.  143.     September  1869. 

£.  Andrews. — On  nome  Bemarkable  Relations  and  Characters  of  the 

Western  Boulder  Drift^  172. 
G.  J.  Brush. — On  Durangite,  a  fluo-arsenate  j&om  Dunmgo  in  Mexico. 

170. 
An  Account  of  the  Swedish  North-Polar  Expedition  of  1868,  under 

the  command  of  A.  E.  Nordenskiold  and  ¥.  W.  von  Otter,  227. 

A.  E.  Verrill. — Description  of  some  new  American  Phyllopod  Crus- 
tacea, 244. 

J.  1<.  Smith. — On  the  Lesleyite  of  Chester  C,  Penn.,  and  its  relation 
to  the  Ephesite  of  the  Emery  formation  near  Ephesus,  Asia 
Minor,  254. 

American  Naturalist.    Vol.  iii.    Nos.  8  &  9.    October  and  November 
1869. 

B.  M.  Wright,  Jun.— Sponges,  449. 
Eozoon  in  Essex  County,  498. 

Art-Union  of  London.     Thirty-third  Annual  Report.     1869. 

AthenoDum  (Journal).    Nos.  2188-2199.   October  to  December  1869. 
Mountains  and  Mole-hills,  4G4. 
Geologizing  in  North  TjTiedale,  566,  COO. 
I).  Mackintosh. — Denuaation  of  Abyssinia,  702. 
0.  Beko.— The  Sources  of  the  NUe,  737. 
R.  B.  Smyth.— The  Gold-fields  and  Mineral  Districts  of  Victoria,  822. 
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Berlin.    Monatsbericht  dcr  konigl.-preussischen  Akadcmie  dcr  Wis- 
Benschaften  m  Berlin.    July  to  October  1869. 

.  Zeitschrift  der  dcutschen  geologiachen  GeseUschaft.   Band  xxi. 

Hefte  2  &  3.     February  to  July  1869. 

—  Zeuflcbner. — ^Ueber  d'c  neuentdeckte  Silurformation  von  Klecza- 

n6w  bei  Sandomiez  ini  sudlichen  PoleO;  257. 
.    Gen^ostische Be  rlireibung der mittleren Grzegonowioe und 

Skaly-Za>raje  bei  Xova  oliipia,  263. 
E.  Ton  Seebach. — Ueber  die  Eruption  bei  Metbana  im  dritten  Jabr« 

hundert  vor  Obr.  Geb.,  276. 
K  A.  Lossen. — ^Metamorphiscbe  Scbicbten  aus  der  palaozoischen 

Scbicbtenfolge  des  Ostbarzes,  281. 
B.  Ricbter.— Das  tbUrinffiacbe  Scbieferffebirge,  341  (2  platea). 

.    Myopborien  des  tnuring|iscben  Wellenkalkfl,  444  (1  plate). 

H.  Eck. — Die  Bohrversuche  bei  Ileppens,  458. 

H.  Laspeyres. — ^Ueber  Gescbiebo  mit  geborstener  Oberflache,  465. 

Avon  Groddeck. — Ueber  die  scbwarzenOberbarzerGangthonscbiefer, 

500.  ^     ^ 

H.  Credner. — Die  vorsiluriacben  Gebilde  der  "  Oberen  llalbinsel  von 

Micbigan,"  in  Nord-Amerika,  516  (2  plates). 
C.Hammelsberff. — Ueber  die  Constitution  einiger  naturlicben  Tantal- 

und  Niobverbindungen,  555. 
*—  Zeus^hner. — ^Ueber  Bclemnttea  Szomenm,  cine  neue  Art  aus  dem 

untersten  Oxfordien  von  Bzow  bei  Kromolow,  565  (plate). 
— .    Ueber  den  siluriacben  Thonscbiefer  von  Zbrza  bei  Kaelce,  569 

(plate). 
A.  Lasard. — ^Neue  Beitra^e  zur  Geologie  Helgolands,  574  (plate). 
A.  von  Koenen. — ^Ueber  die  Tertiarversteinerungen  von  Eiew,  Budsak 

und  Traktemirow;  587  (plate). 

F.  von  Ricbtbofen. — INIittbeilungen  von  der  Westkiiste  Nordamerikas^ 
599. 

A.  Sadebeck. — ^Ueber  die  Krystallformen  der  Blende,  620  (plate). 
— ^.    Allegemeines  Gesetz  fiir  tetraedriscbe  Zwillingsbildung,  640* 

—  Kosmann. — Eine  Fseudomorpbose  von  Eisenoxydbydrat  nacb 
Weissbleierz,  644. 

A.  Kuntb. — ^Beitrage  zur  Eenntniss  fossiler  Korallen,  647  (2  {|lates)i 

G.  Rammelsberg. — Ueber  die  Zusammensetzung  und  die  Constitution 
des  AxinitS;  689. 

Bordeaux.    Actes  de  la  Societc  linndenne  do  Bordeaux.    Tome  xxyi. 
3«S^rie.     Tome  vi.     2°»e  Fartie.     1868. 

T.  Billiot. — Coupes  G^ologiques  des  Sondagca  ex^cut^s  dans  le  Sud- 
ouest  de  la  France  (Gironde,  Aucb  et  Dax),  241. 

C.  Des  MouUns. — Liste  des  principaux  fossiles  rocueilUs  par  lee 
Membres  de  la  Soci4t«5  il  Cazencuve  dans  le  Cnlcaire  de  Bazas,  293. 

,  Descriptions  et  Figures  de  quelquos  CoquUlfis  fossiles  du  Ter- 
rain tertiaire  et  de  la  Croie  (Gii'onde,  Dordogno,  Royan),  357. 

—  Benoist — Note  sur  le  gr^  infraliasique  du  DtSpartement  de  la 
Meurtbe,  380. 

—  Linder. — Etude  sur  les  Terrains  do  Transport  du  D(Spartement  de 
la  Gironde,  385. 

—  Benoist. — ^Notes  poiur  servir  k  T^tuile  des  Etages  jurassiquea  inK- 
rieuis  des  environs  de  Nancy,  661. 
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Breslau.    Abhaodlungen  der  sclilesischeiL  Gesellschaft  fiir  vaterlan- 
dische  Guitar.    Abttieiluiig  fur  Naturwiasenschaften  and  Mcdicin. 
1868-69. 
H.  R.  Goppert — ^Ueber  algenartige  Einschliisse  in  Diamanten  und 
iiber  Budung  derselben,  61. 

.    ,    Philosophiflcb-historische  Abtheilang.   1868.  Heftii. 

.     Sechsundvierzigeter  Jabres-Bericht  der  schlesiscben  Gesell- 

Bcbaft  fiir  vaterlandiscbe  Guitar.     1868.     Breslau,  1869. 
F.  Romer.*— Ueber  Auffindung  einer  sandigen  cenomanen  Kreidebil- 

dung  unter  dem  kalkigen  turonen  Kreidemergel  von  Oppehi,  32. 
.     Ueber  die  drei  neuen  Sectionen   (Woischnik,  Guttcntag, 

Creutzburg)  seiner  geognostischen  Karte  von  Oberschlesien,  33. 
— .     Ueber  Auffindung  von  Graptoliten  in  schwarzen  Kieeelscbie- 

fem  bei  Willenberg  (Sclionau)  im  Katzbacbthale,  35. 
,    Ueber  die  Section  Brieg  seiner  geognostiscben  Karte  von 

Obencblesien;  36. 
.    Ueber  einige  Quarzgerolle  mit  Eindriicken,  von  Koblendorf 

in  der  Grafschaft  Glatz,  3^. 

F.  Gobn. — Ueber  Entstebung  der  Steinkoble  aus  Soetanf,  38. 

—  Grube. — ^Ueber  Ehlers*  Entdeckungen  fossiler  Euniciden  und  eine 

neue  Diopalra.tiS, 
H.  R.  Goppert. — Uebeif  die  in  Braunkohlcnlagem  von  Naumburg  a.  B. 

gefundenen,  von  Ileer  als  Nyssa  bestimmten  fossilen  Friicbte,  123. 

Buenos  Aires.  Anales  dd  Museo  publico,  por  German  Burmeister. 
Entrega  sezta.     1869. 

Calcutta.  Asiatic  Society  of  Bengal.  Proceedings.  Nos.  8  <£;  9. 
August  and  September  1869. 

Canadian  Journal.    Newfeeries.     Vol.  xii.     No.  3.     July  1869. 
E.  J.  Gbapman. — Notes  on  tbe  Silver  Locations  of  Tbunder  Bay,  219. 

Canadian  Naturalist  and  Quarterly  Journal  of  Science.  New  Series. 
Vol.  ir.    No.  3. 

Chemical  News.    Vol.  xx.    Nos.  514-625. 

Chemical  Society.  Journal.  Second  Series.  Vol.  vii.  October  to 
December  1869. 

Colliery  Guardian.    Vol.  xviii.     Nos.  457-468. 

Copenhagen.  Oversigt  over  dot  Kongelige  danske  Vidcnskabemes 
Selskabs  Forhandlinger.  1867,  Nos.  6  &  7;  1868,  Nos.  1-4 :  and 
1869,  No.  1.       , 

Deyonshire  Association.     Report  and  Transactions.    Vol.  iii.     1869. 

G.  W.  Ormerod.— Notice  of  Molars  of  Hippopotamus  mqfor,  stated  to 
have  been  found  in  Kent's  Cavern,  Torquay,  79. 

.    Notice  of  the  Occurrence  of  Scapolite  at  Chagford,  Devon,  80. 

W.  Pengelly.— On  tbe  Submerged  Forest  at  Blackpool,  near  Dart- 

moutb,  South  Devon,  127. 
P.  O.  Hutchinson.— Fossil  Elephant's  Tooth,  143. 
W.  Pengelly.— The  Literature  of  Kent's  Cavern,  191. 
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Dorpat.    Archiv  fiir  die  Natnrkundo  liv-,  Esth-,  und  Eurlands. 
Erste  Serie.   Mincralogische  Wissenschaften.     Band  iv.     Porpat^ 

1868. 

A.  Euhlberg. — Die  losel  Pargas   (Ahlon),  cliemisch-geognostiBch 

untersucht,  115. 
J.  Lemberg. — ^Die  QebirgBarten  der  Insel  Hochlandi  chemisch-geo- 

gnostisch  unteisucht,  175^  337. 

Geological  Magazine.    ToL  vi.    Nos,  10-12.     October  to  December 
1869. 

H.  W.  Brifitow  and  W.  Whitaker.— On  the  Fonnation  of  the  Chesil 

Bank,  Dorset,  433  (2  plates). 
W.  Whitaker.--On  a  Raised  Beach  at  Portland  Bill,  Dorset,  438 

(1  plate). 
E.  Ray  Laakester. — On  the  DiscoTery  of  the  Sabretoothed  Tiger  in 

the  Norfolk  Forest-bed  at  Cromer,  440  (1  plate). 
G.  A.  Lebour. — On  the  Denudation  of  Western  Brittany,  442. 
S.  Sharp. — ^Notes  on  the  Northampton  Oolites,  446. 
Prof.  Owen. — ^Notes  on  two  Ichthyodorulites,  481. 
T.  G.  Bonney. — On  the  supposed  Jr^o^M-burrows  in  the  Ormesheadsj 

483(1  plate). 
C.  K  de  Ranee. — On  the  Surface-geology  of  the  Lake  District,  489. 
n.  A.  Nicholson. — On  the  Occurrence  of  Plants  in  the  SMddaw 

Slates,  494  (1  pkte\ 
W.  Whitaker. — On  tne  Connexion  between  Geology  and  the  Con- 
sumption Death-rate,  499. 
J.  Ruskin. — On  Banded  and  Brecdated  Concretions,  629  (1  plate). 
H.  IGcks. — On  EophyUm  in  the  Lower  Arenig  Rocks  of  »t  David's. 

634  (1  plate). 
G.  P.  Scrope.--On  the  Pretended  Raised  Seabeaches  of  the  Inland 

Slopes  of  England  and  Wales,  536. 
Prof  Harkness. — On  the  Middle  Pleistocene  Deposits  of  Britain,  642. 
R.  Tate. — ^Additions  to  the  Lists  of  British  Brachiopoda  of  the 

Secondary  Rocks,  660. 
Catalogue  of  Type  Fossil  Fishes  in  the  Museum  of  the  Earl  of  Enni- 

skillen,  650. 
W.  H.  S.  Westropp.— On  the  Occurrence  of  "Albite"  in  the  Granite 

of  Leinster,  661. 
Prof  Harkness's  Address  to  Section  C  at  the  British  Association, 

Exeter,  noticed,  448. 
Liverpool  Geological  Society's  *  Proceedings,'  noticed,  662. 
Mr.  Cfharles  Moore's '  Report  on  Fissures  and  their  organic  contents/ 

noticed,  603. 
Dolf us  et  Montserrat's  '  Voyage  f  ^oloffique  dans  les  R^publiques  de 

Guatemala  et  de  Salvador,'  reviewea,  46o. 
R.  B.  Smyth's  <  Gold-fields  and  Mineral  Districts  of  Victoria,'  re- 
viewed, 469. 
Lartet  and  Christy's  'Reliouiro  Aquitanicro,'  reviewed,  463. 
Mackintosh's  *  Scenerv  of  England  and  Wales,'  reviewed,  465. 
*  Transactions  of  the  tVoolhope  Club,'  reviewed,  470. 
BaUv's  *  Characteristic  Britisn  Fossils,'  reviewed,  471. 
Sir  W.  Thomson's  *  Geological  Dynamics,'  reviewed,  472. 
L.C.  Miall. — '  Experiments  on  the  Contortion  of  Mountain  Lim3store/ 

noticed,  605. 
J.  E.  Taylor. — '  On  certain  phenomena  in  the  NorT\ich  Drift,'  noticed, 

608. 
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Oedogioal  Magazine.    VoL  vi.    Nos.  10-12  (eonHnu^. 

Baron  Riclithofen's  'Natural  System  of  Volcanic  Bocks,'  reriewed, 

Delesse  et  De  Lapparent's  'Revue  de  Q<5ologie,'  reviewed,  510. 

Miss  Eyton's  '  Qeoiogy  of  North  Shropshire/  reviewed,  6ia 

G.  H.  Morton's  '  Geology  of  the  country  aroimd  Shelve/  reviewed, 

519. 
W.  Molyneux's 'History  of  Burton/ reviewed.  520. 
Mr.  Waterhouse  Hawkins's  '  Bestorations  of  Extinct  Dinosauna, 

reviewed,  666.  ^    ,     , ,       .        •,  raT 

'Memoirs  of  the  Geological  Survey  of  Ireland,'  reviewed,  567. 
Boyal  Agricultural  Society's  *  Journal/  reviewed,  669. 
Beports  and  Proceedings  of  Societies,  47^  621,  571. 
Correspondence,  623,  574. 
Misceliuieous,  628,  676. 

Ireland.    Journal  of  the  Royal  Geological  Society.    VoLxii.  Part  2, 

1869.  ^       ^ 

W.  Harte.— On  a  new  Echinoderm  (Spatangoid),  supposed  to  be 

from  the  Yellow  Sandstone  of  Scotland,  135. 
J.  E.  Beynolds.— Note  on  the  Formation  of  Dendrites,  136. 

.    On  some  Points  in  the  Classification  of  the  Silicates,  139. 

T.  J.  Nicolls.— Note  on  the  Occurrence  of  Anthracite  in  the  Carbo- 
niferous Limestone  of  CasUeknock,  149. 
W.  H.  S.  Westroop.— Sketch  of  a  Classification  of  Minerals,  founded 
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jAirrAKT  26th,  1870. 

Thomas  Daniel  Bott,  Esq.,  2  Osbeme  Villas,  Talfourd  Road, 
Peckham ;  Edwin  Buckland  Kemp- Welch,  Esq.,  3  Beaumont  Ter- 
race, Boamemouth ;  James  Parkinson,  Esq.,  F.G.S.,  Sarum  House, 
Church  Road,  Upper  Norwood,  S. ;  Henry  Sewell,  Esq.,  Villa  del 
Valle,  Mexico,  and  Thomas  F.  W.  Walker,  Esq.,  M.A.,  F.R.G.8., 
Athenaeum  Club,  London,  and  6  Brock  Street,  Bath,  were  elected 
Fellows  of  the  Society.  The  Rev.  Dr.  Oswald  Heer,  of  Zurich,  was 
elected  a  Foreign  Member  of  the  Society. 

The  following  communication  was  read : — 

On  the  Crjlq  op  Nokfolk  and  associatkd  Bbds.     By  Joseph  Prbst- 
wiCH,  Esq.,  F.R.S.,  President 

(The  publioatioti  of  this  Paper  is  deferred.) 

[Abstract] 

The  author  commenced  by  referring  to  his  last  paper,  in  which 
he  divided  the  Red  Crag  into  two  divisions — a  lower  one,  of  variable 
oblique-bedded  strata,  and  an  upper  one,  of  sands  passing  up  into  the 
day  known  as  the  Chillesford  day.  In  1849  he  had  alluded  to  the 
possibility  of  this  day  being  synchronous  with  the  Norwich  Crag. 
He  has  since  traced  this  upper  or  Chillesford  division  of  the  R^ 
Crag  northwards,  with  a  view  to  determine  its  relation  to  the  Nor- 
wich Crag.  He  has  found  it  at  various  places  inland ;  but  the  best 
exhibition  of  it  occurs  in  the  Easton  Bavant  Cliffs.  He  there 
found  in  it  a  group  of  shells  similar  to  those  at  Chillesford,  and 
under  it  the  well-known  bed  of  mammaliferous  or  Norwich  Crag, 
with  the  usual  shells.  The  author  also  showed  that  in  this  cliff  and 
the  one  nearer  Lowestoft  traces  of  the  Forest-bed  clearly  set  in  upon 
the  Chillesford  clay.  He  traced  these  beds  at  the  base  of  Hor- 
ton  Cliff,  and  then  passed  on  to  the  well-known  clifb  of  Happis- 

VOL.  XXVI. PAET  I.  X 


Digitized  by 


Google 


282  PROGSEDINOS  OP  THE  GBOLOOICAL  80GIBTT.  [Jan.  26, 

burgh  and  Mandesley.  He  considered  the  Chilleeford  clay  to  pass 
beneath  the  Elephant  bed,  and  to  represent  some  part  of  the  Forest- 
bed.  The  same  clay  may  be  traced  to  near  Weybonme.  The  Crag 
under  these  beds  he  referred  to  the  Ghillesford  sands.  Mention  was 
then  made  of  the  sands  and  shingle  above  the  Ghillesford^  for 
which  the  author  proposed  the  names  of  "  Southwold  Sands  and 
8hingle."  These  usually  are  very  unfossiliferous ;  but  at  two  or 
three  places  near  Bouthwold  the  author  found  indications  of  an 
abundance  of  shells  {Mytilus  &c.)  and  Foraminifera  in  some  iron- 
sandstones  intercalated  in  this  series.  In  the  Norfolk  clifb  these 
beds  contain  alternating  seams  of  marine  and  freshwater  shells. 
The  inland  range  of  the  beds  to  Aldeby,  Norwich,  and  Goltishall 
was  next  traced,  and  the  Ghillesford  clay  shown  to  be  present  in 
each  section,  and  the  sands  beneath  to  be  referable  to  the  Ghilles- 
ford sands,  as  already  shown  by  other  geologists,  on  the  evidence  of 
the  organic  remains.  Mr.  Gwyn  Jeffreys,  who  had  carefully  examined 
the  shells  of  the  Norwich  Grag  for  the  author,  stated  that  a  consi- 
derable number  of  arctic  species  were  found  in  the  Norfolk  Grag 
which  did  not  occur  in  Suffolk.  While,  therefore,  the  Norwich  Grag 
seems  to  be  synchronous  with  a  portion  of  the  Suffolk  Crag,  that 
portion  is  the  upper  division ;  and  therefore  the  triple  arrangement 
proposed  by  Mr.  Gharlesworth  and  advocated  by  Sir  C.  LyeU,  together 
with  the  fact  of  the  setting  in  of  a  gradually  more  severe  climate, 
pointed  out  by  the  late  Dr.  Woodward  and  by  Sir  G.  LyeU,  are  con- 
firmed. 

Mr.  Prestwich  then  referred  to  the  origin  of  the  materials  of  the 
Southwold  shingle,  and  showed  that,  with  few  exceptions,  they 
came  from  the  south.  In  it  he  had  found  a  considerable  number  of 
worn  fragments  of  chert  and  ragstone  from  the  Lower  Greensand  of 
Kent.  He  considered  this  a  convenient  base-line  for  the  Quaternary 
period,  as  then  commenced  the  spread  of  the  marine  gravels  over  the 
south  of  England,  and  soon  after  commenced  the  great  denudations 
which  have  given  the  great  features  to  the  country. 

DiBcirssioK. 

Mr.  GwTN  jEFFJtsYs  obscrved  that  no  littoral  shells  occur  in  the 
Coralline  Grag,  while  in  the  Red  Crag  they  abound.  In  the  Nor- 
wich Crag  there  is  also  evidence  of  littoral  conditions,  but  in  certain 
places  the  shells  exhibit  a  deep-water  character.  In  the  Norwich 
Crag,  afber  eliminating  as  derivative  or  extraneous  certain  species 
(as  had  already  been  done  by  the  late  Dr.  Woodward),  he  finds,  ex- 
clusive of  varieties,  140  species,  of  which  123  are  living,  and  17  are 
supposed  to  be  extinct.  Of  these  123,  101  stlU  live  in  the  British 
Seas,  12  are  arctic  and  North  American,  8  Mediterranean,  and  2 
Asiatic.  The  southern  species  were  probably  derived  from  the 
Coralline  Crag.  The  two  Asiatic  species  were  the  CwrbicuUi  Jhmi" 
nalis  and  Paludifia  vnieolor.  Twenty  species  in  the  Nonvich  Grag 
have  not  been  found  in  the  Bed  or  Coralline  Crag ;  and  he  therefore 
thoi:^ght  there  was  some  difference  in  their  geological  age,  the  Noiv 
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wich  Crag  being  more  recent  than  the  Sed  Crag,  and  ito  shells 
of  an  arctic  or  more  northern  kind.  Tellina  baltkica  he  regarded  as 
significant  of  bracldsh-water  conditions.  Actason  Noasy  a  charac- 
teristic shell  of  the  Bed  and  Norwich  Crag,  had  been  found  fossil  by 
Prof.  Steenstrup  in  Iceland. 

Sir  Chablss  Ltbll  had  been  struck  with  the  similarity  of  the 
beds  at  Chillesford  and  at  Aldeby,  in  which  also  the  shells,  though 
40  in  one  case  and  70  in  the  other,  were  very  similar  in  character ; 
bat  in  neither  was  TeUina  bdlthiea  found,  though  common  in  the 
glacial  beds.  He  called  attention  to  the  condition  of  the  shells  as 
they  occurred  at  Aldeby,  and  suggested  that  where  the  two  shells  of 
a  bivalye  were  found  in  contact,  they  would  probably  afford  some 
evidence  whether  they  were  derivative  or  not. 

Mr.  Seabcbb  Y.  Wood,  Jun.,  was  inclined  to  differ  to  a  large  ex- 
tent firom  the  author,  especially  with  regard  to  the  beds  above  the 
Chillesford  clay.  The  sands  containing  TeUina  balihiea  he  placed 
as  the  lowest  member  of  the  glacial  series  ;  the  fauna  they  contain  is 
different  £:om  that  of  the  Chillesford  bed.  He  r^;arded  the  sand- 
beds  at  Kessingland  as  above  the  lower  Boulder-day  and  contorted 
Drift  of  Cromer,  and  considered  that  it  might  be  traced  as  occu- 
pying this  position  along  a  great  part  of  the  coast  of  Norfolk.  He 
had,  in  company  with  Mr.  Harmer,  surveyed  a  great  part  of  the 
Noifolk  and  Suffolk  district,  and  they  intended  to  place  their  maps 
and  sections  at  the  disposal  of  the  Geological  Society.  He  recom- 
mended that  any  examination  of  the  country  should  commence  from 
the  east  rather  than  from  the  west. 

Mr.  BoTD  Dawkuts,  speaking  of  the  fossil  mammalia  of  the  Crag, 
mentioned  that,  at  the  base  of  the  Crag  at  Horstead,  immediately  on 
the  Chalk,  was  a  bed  exhibiting  an  old  land-surface,  and  in  this 
were  found  the  principal  perfect  mammalian  remains,  whereas  in 
the  Crag  above  they  were  waterwom.  But  though  these  bones  oo- 
cuired  in  the  marine  deposit,  the  animals  had  lived  oir  the  land,  and 
tiiere  was  no  evidence  but  that  they  belonged  to  a  much  earlier 
period  than  that  at  which  it  was  submerged.  He  thought  that  the 
iiacies  of  the  CervidsB  found  at  Horstead  was  that  of  an  early  Pliocene 
age.  The  mammals  of  the  London  Clay  had  in  some  cases  become 
c^ifounded  with  those  of  the  Suffolk  Crag ;  but  these  he  regarded 
also  as  belonging  to  an  old  Pliocene  land-surface.  He  differed  from 
the  author  in  not  regarding  the  forest-bed  as  Quaternary,  as  there- 
mains  of  Bhinoceros  etruteus,  Ursua  arvementiSf  and  ElepkcLs  meri- 
dumalu,  &c  had  occurred  in  it  in  many  cases  in  fine  condition.  He 
could  see  no  reason  for  splitting  up  the  Cainozoic  series  into  four 
divisions,  as  there  was  no  break  in  the  life  between  the  Tertiary  and 
Quatemaiy  periods.  Though  there  might  be  a  break  in  En^^and, 
the  forms  of  life  were  continuous  from  the  Miocene  of  Pikermi  on 
the  Continent. 

The  PsEsinBNT  suggested  that  if  we  were  to  admit  a  Quaternary 
period  we  must  go  back  to  the  Miocene,  as  the  mammalian  fauna  of 
that  period  was  the  direct  ancestor  of  that  of  the  present  day. 

Mr.  Pbebtwich,  in  reply,  remarked  that  he  did  not  quite  agree 
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with  Mr.  Jeffreys  as  to  the  number  of  derivatiye  species  in  the  dif- 
ferent members  of  the  Crag.  The  fauna,  however,  required  further 
investigation.  With  regard  to  the  objections  of  Mr.  Wood,  he  had 
not  on  this  occasion  intended  going  into  details  as  to  the  beds  above 
the  Chillesford  clays ;  his  object  had  rather  been  to  show  that  these 
latter  extended  over  a  large  area,  and  contained  in  other  places  than 
Chillesford  the  same  sheUs  as  those  occurring  there.  He  did  not 
attach  the  same  value  to  the  presence  of  TeUina  halihica  as  did  Mr. 
Wood,  it  being  a  shell  now  living  and  found  on  the  coast.  He  had 
not  overlooked  the  importance  of  the  mammalian  remains ;  but,  like 
Mr.  Dawkins,  he  had  felt  the  uncertainty  which,  in  the  case  of  the 
Crag,  so  often  attached  to  their  origin,  and  therefore  had  not  much 
insisted  on  them.  He  thought  the  divisions  of  Miocene  and  Plio- 
cene were  well  known  and  generally  accepted ;  and  though  the  di- 
vision was  arbitrary,  he  thought  the  setting  in  of  the  Glacial  period 
a  good  epoch  at  which  to  commence  the  Quaternary  period.  If  we 
were  to  go  back  to  some  break  in  the  forma  of  life,  we  might  go  back 
indefinitely. 


Febbuabt  9th,  1870. 

Alexander  Murray,  Esq.,  of  the  Geological  Survey  of  Canada, 
St.  John's,  Newfoundland,  and  Frederick  William  Budler,  Fsq., 
Museum,  Jermyn  Street,  S.W.,  were  elected  Fellows  of  the  Society. 

The  following  communications  were  read  : — 

1,  On  the  Fossil  Cobals  (Mach^eporaria)  of  the  Australiait  Tertiart 
Deposits.  By  P.  Martin  Duncan,  M.B.  London,  F.B.S.,  Sec. 
Geol.  Soc,  Prof,  of  Geology  in  King's  College,  London. 

(Plates  XDL-XXn.) 

COKTRNTS. 

I.  Introduction. 
IT.  Nodoe  of  the  general  distribution  of  the  Australian  foesiliferous 

Tertiaries. 
m.  List  of  the  Species  of  Fossil  Madreporaria. 
lY.  Desoription  of  the  Sftecies. 
y.  Bemarks  on  the  Species. 
YI.  Localities. 

TIL  The  existing  Coral  &una  of  the  Australian  and  neighhouring  seas, 
ym.  Table  of  Species  and  their  distribution. 
IX.  Conclusion. 

Introduction. 

Tse  tertiaiy  deposits  of  South-eastern  Australia  attracted  the 
attention  of  those  colonists  who  knew  something  about  geology^ 
very  soon  after  the  country  was  settled  and  examined. 

The  singular  resemblance  of  the  white  limestone,  chert,  and  flinty 
layers  of  the  deposit  of  the  sea-shore,  near  the  entrance  of  the  river 
Murray,  in  the  Mount-Gambier  district,  to  the  chalk  of  Great  Bri- 
tain, soon  struck  many  of  the  well-educated  men  who  carried  the 
spirit  of  natural-history  inquiry  into  those  wild  settlements.     Of 
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theee  the  Bev.  Julian  Woods,  of  Fenola,  has  proved  the  most  dili- 
gent. He  sought  the  palseontological  advice  of  Prof.  Bnak  and 
Prof.  Bapert  Jones,  when  he  had  determined  that  the  cretaceons- 
looking  heds  were  of  tertiary  age,  and  forwarded  communications  to 
this  Society  (Quart.  Joum.  I860  &  1865),  in  which  he  maintained 
that  the  Mount  Oamhier  tertiaries  were  of  Crag  age. 

The  softer  rocks  near  the  Olenelg,  and  far  away  along  the  Mur- 
ray, were  examined  by  explorers,  and  specimens  were  sent  to  this 
Society.  Their  examination  tended  to  prove  that  the  deposits  were  of 
the  same  general  character  as  the  Mount  Gambier  rocks ;  and  with 
this  impression  Mr.  Woods  persevered  in  working  among  the  strata, 
which,  covered  by  basalt,  have  retained  in  the  neighbourhood  of 
Hamilton  vast  numbers  of  fossils. 

Specimens  of  the  Madreporaria  were  sent  to  me  by  Mr.  Woods ; 
and  by  searching  in  our  Museum  I  added  to  their  number.  My 
paper,  which  was  a  supplement  to  his  essay  on  the  Tertiary  Deposits 
in  the  Colony  of  Victoria,  Australia  (Quart.  Joum.  Greol.  Soc.  1865, 
p.  389),  refers  to  the  species  I  determined  from  the  specimens, 
descriptions  of  which  had  been  published  in  the  '  Annals  and 
Magazine  of  Natural  History '  (3rd  series,  vol.  xiv.  no.  81,  Sept. 
1864;  and  vol.  xvi.  no  93,  Sept.  1865).  The  common  Echinoderm 
of  the  tertiaries  was  also  described  there,  and  named  Hemipatagus 
Forbesiif  Woods  and  Duncan. 

The  interest  in  the  Australian  tertiaries  was  increased  in  the 
colony  by  Mr.  Woods's  popular  work,  ^Geological  Observations,' 
1862,  especially  when  practice  and  experience  proved  that  there 
was  some  connexion  between  the  Tertiaries  and  gold-finding. 

The  Victorian  Survey  has  mapped  the  province,  under  great  dif- 
ficulties ;  and  Selwyn,  Ulrich,  Daintree,  and  Wilkinson  have  made 
careful  surveys  and  sections,  which,  whilst  they  add  to  the  general 
knowledge  famished  by  Mr.  Woods,  give  an  excellent  idea  of  the 
relative  position  and  characters  of  the  deposits.  M'Coy  has  en- 
deavoured to  correlate  the  tertiary  strata  with  the  European ;  and  the 
Survey  has  adopted  the  terms  employed  in  European  tertiary  geology. 

In  1867  I  received  a  collection  of  Madreporaria  from  Mr.  H.  M. 
Jenkins,  F.G.S.,  then  Assistant-Secretary  to  this  Society,  which  had 
been  sent  to  him  by  Mr.  Selwyn,  with  a  fine  series  of  shells.  All 
the  fossils  had  been  collected  by  the  Survey  under  Mr.  Wilkinson, 
from  beds  in  the  neighbourhood  of  Gape  Otway,  which  were  marked 
upon  the  survey  sketch  map. 

The  present  communication  refers  especially  to  this  collection  of 
Madreporaria ;  but  it  includes  also  a  description  of  those  forms  which 
I  have  already  published ;  for  some  doubtful  points  have  been  cleared 
up  by  the  possession  of  better  specimens  than  those  upon  which  the 
species  were  founded.  The  characteristics  of  the  whole  fauna  are 
considered  in  the  argument  concerning  the  age  of  the  tertiaries, 

n.   DiSTBIBUTTOlT  OF  THE  TbBTIABT  FoSSILIFEROTTS  DbPOSITS. 

The  extent  of  the  tertiary  deposits  in  South  Australia  is  not 
known  to  the  north-west ;  but  they  cover  many  thousands  of  square 
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miles  towards  the  Murraj  and  the  boundary  of  the  proyince  of 
Victoria.  Probably  they  reach  far  into  the  interior ;  and  it  is  by 
no  means  improbable  that  the  tertiary  sea  divided  Western  Austra- 
lia from  the  eastern  provinces. 

Selwyn's  Survey-map  of  Victoria  indicates  the  development  of 
the  Tertiaries  of  that  province,  of  the  basalts  which  frequently 
cover  them,  and  of  the  upper  tertiary  beds  of  doubtful  age,  which 
here  and  there  hide  every  tMug,  and  reduce  the  luxuriant  vegetation 
of  the  soils  of  the  older  rocks  to  scrub. 

Strata  of  sedimentary  or  volcanic  origin,  referable  to  some  sec- 
tion of  tertiary  or  recent  time,  occupy  probably  fully  one-half,  or 
over  40,000  square  miles,  of  the  surface  of  Victoria.  They  are 
found  resting  unconformably  on  all  the  older  formations,  igneous 
and  stratified,  and  range  from  the  sea-level  to  elevations  of  over  4000 
feet.  They  include  groups  of  strata  of  earth,  loam,  sand,  day, 
gravel,  conglomerate,  ferruginous  and  calcareous  sandstones  and 
grits,  hard,  gritty  rock,  marble  and  other  kinds  of  limestone,  and 
various  volcanic  products. 

The  tertiary  deposits,  containing  marine  fossils,  fringe  the  coast, 
and  extend  about  sixteen  miles  inland  on  the  eastern  side  of  the 
province,  between  Wilson's  Promontory  and  Cape  Howe,  resting 
probably  upon  Palaeozoic  rocks.  On  the  west  they  form  a  more  im- 
portant series,  reaching  from  the  mouth  of  the  Glenelg  to  Gape 
Otway.  In  this  part  of  the  province  they  extend  northwards  under 
a  vast  development  of  basalt  for  more  than  forty  miles,  and  are  well 
seen  at  Hamilton.  The  supporting  strata  are  Palaeozoic  rocks 
and  Tcentopteris'B&ndatojiea,  Between  Cape  Otway  and  Wilson's 
Promontory,  especially  dose  to  Port-Phillip  Bay,  these  tertiary  de- 
posits are  found  on  sandstones  and  on  basalt.  In  this  locality,  some 
of  the  tertiaries  have  had  an  older  geological  age  given  to  them  than 
the  prevailing  type,  and  all  are  very  fossiliferous.  Far  away  to  the 
north-west,  the  fossiliferous  tertiaries  have  been  found  on  the^north- 
em  bank  of  the  Glenelg ;  and  vast  plains  of  sand,  ferruginous  gravel, 
and  days  in  that  region  overlie  the  equivalent  deposits  of  the  coast- 
line. To  the  north  and  north-east  was  the  old  coast-line,  now 
occupied  by  the  Palaeozoic  rocks. 

No  tertiary  deposits  containing  marine  fossils  have  been  found 
at  a  greater  devation  than  about  600  feet  above  the  levd  of  the 
sea,  and  no  tertiary  beds  whatever,  containing  marine  fossils, 
have  been  recognized  east  of  Cape  Howe,  in  any  part  of  New  South 
Wales. 

The  published  sections  of  the  tertiaries  do  not  show  any  exam- 
ples of  great  contortion  of  their  strata,  except  near  Cape  Otway ; 
and  there  the  beds  were  deposited  in  a  trough  of  highly  contorted 
sandstone,  and  probably  were  more  displaced  by  the  operations  of 
denudation  and  rordeposition  than  by  any  other  causes.  The  thick- 
ness of  the  fossiliferous  tertiaries  is  very  variable.  It  is  unknown 
in  many  places,  and  reaches  to  about  300  feet  in  the  best-exposed 
sections,  wlulst,  where  much  denudation  has  taken  place,  not  more 
than  a  few  feet  of  the  rock  may  exist.      Pure  limestone,  except  in 
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the  upper  parts  of  the  series,  is  rare ;  it  contains  there  an  abundance 
of  Polyzoa,  and  is  a  deep-sea  deposit.  It  would  appear  that  this  lime- 
stone, so  well  displayed  under  the  basalt  of  Mount  Gambier,  to  the 
west  of  the  south-western  boundary  of  Victoria,  is  better  deyeloped 
where  it  is  most  remote  from  the  high  Palieozoic  land,  in  Central 
Victoria,  and  that  its  position  in  the  tertiary  scale  is  occupied,  near  to 
that  origin  of  muddy  and  sandy  sediments,  by  clays  containing  more 
or  less  of  the  latter.  The  upper  series  of  Mount  Gambler,  called  by 
the  Bey.  Mr.  Woods  the  ^*  Coralline  crag,"  may  be  recognized  at 
Cape  Otway  and  in  Mr.  Daintree's  section.  In  both  of  these  locali- 
ties the  limestone,  which  closely  resembles  the  white  chalk  at  Mount 
Gambler,  is  impure  and  very  much  mixed  with  sediment  and  some 
volcanic  ash.  Other  limestones  are  found  low  down  in  the  fossili- 
ferous  series,  and  often  form  masses  like  islands  in  a  mass  of  basalt ; 
but  I  have  not  had  any  fossils  from  them. 

The  most  fossiliferous  parts  of  the  series  are  yellow  and  brown 
ferruginous  days,  and  dark  slate-coloured  bands  more  or  less  sandy. 

In  the  Cape-Otway  series  there  is  a  plant-bed  containing  ever- 
green leaves,  of  species  not  belonging  to  the  existing  flora ;  it  is 
sufficiently  developed  to  lead  to  the  belief  that  a  temporary  up- 
heaval must  have  occarred,  followed  by  a  long  subsidence.  The 
deposats  which  collected  during  this  subsidence  resemble  those  of 
the  upper  part  of  every  section  of  the  Tertiaries.  They  bear  wit- 
ness to  the  action  of  currents,  to  the  influx  of  mud  and  sand,  lava, 
and  volcanic  ash,  and  prove  not  only  that  volcanic  phenomena  were 
very  active  close  by,  but  that  the  older  rocks  which  formed  the 
shore  to  the  nortii-east  were  suffering  tremendous  denudation. 

Vast  developments  of  clays  with  fossil  leaves,  gravels,  and  con- 
glomerates were  proceeding  on  the  area  of  the  Silurian  rocks, 
which  formed  the  shore  and  land  washed  by  the  tertiary  sea,  whilst 
the  marine  deposits  were  forming.  Even  at  the  altitude  of  4000 
feet  water-worn  gravels  and  boulders  were  collecting,  in  some  places 
to  the  depth  of  300  feet.  This  old  gravel,  resting  on  the  worn 
surfaces  of  the  Silurian  rocks,  is  covered  in  many  places  by  a  basalt, 
whose  representative  is  low  down  in  the  marine  series  on  the  coast 
and  frequently  forms  its  base. 

An  immense  district,  extending  from  Port  Phillip  to  the  river 
Glenelg,  is  covered  with  a  basalt  which  is  younger  than  that  just 
mentioned.  It  was  poured  forth  over  the  clays  and  marls  of  which 
the  Hamilton  beds  are  the  type ;  and  it  covered  the  littoral  and 
moderately  deep-sea  deposits  which  were  in-shore  of  the  deep  sea, 
forming  the  chidky  sediment.  Mr.  Woods  has  described  its  position 
in  relation  to  the  fossihferous  beds  of  Hamilton.  Still  later,  and 
when  these  deep-sea  deposits  had  crept  over  much  of  the  subsiding 
in-shore  series,  which  had  or  had  not  been  covered  with  the  basalt, 
another  and  long  -  continued  lava -stream,  accompanied  by  ash, 
poured  from  the  Mount-Gambier  district  and  many  of  the  formerly 
active  vents  in  Victoria.  It  covered  up  the  coralline  rocks,  as  they 
are  called,  and  mixed  with  and  included  the  lacustrine  and  river- 
sediments  then  forming ;  and  it  probably  continued  to  flow  until 
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▼ery  late  in  the  time  when  the  eztinct  antetypes  of  the  exigting 
Aiutraliaii  mamTnalian  fauna  floorished* 

The  basalt  immediately  above  the  coralline  limestone  limits  snpe- 
riorly  the  marine  fossiliferoiui  series.  Its  equivalents  in  time  were, 
in  all  probability,  the  day,  the  ferruginous  sandstones,  and  the 
sandy  limestones  which  cover  the  so-caUed  Miocene  to  the  north- 
west of  the  Glenelg ;  and  these  beds,  which  are  well-developed  on 
high  ground,  form  the  upper  gold-drifts. 

A  great  upheaval,  probably  affecting  the  whole  of  Central  Aus- 
tralia, occurred  after  this  outburst,  and  determined  the  present  con- 
%uration  of  the  land,  which  has  suffered  from  no  glacial  conditLons, 
but  from  great  denudations  of  all  kinds,  the  encroachment  of  sand, 
the  formation  of  salt  lakes,  and  repeated  volcanic  outbursts.  It 
is  evident  that  a  vast  basaltic  layer  covers  the  fossiliferous  beds, 
the  drift  upon  them,  and  the  old  rocks  where  they  are  not  covered 
by  those  tertiaries  to  which  the  names  of  Miocene  and  Pliocene  have 
been  given. 

The  section  at  Spring  Creek,  by  Mr.  Daintree,  exhibits  the  suc- 
cession of  beds  in  the  marine  fossiliferous  tertiaries  as  follows : — 

{Upper  Miocene,)  ^^^ 

Hard  thin-bedded  sandy  limestone,  the  calcareous  portion  oon- 
aisting  almost  entirely  of  corals 80 

{Middle  Miocene,) 

Soft,  brown,  sandy  day   80 

Brown,  blue,  and  yellow  sandy  clays 90 

Very  hard  crystamne  sandstone 1 

Brown  sandy  clay  poor  in  gypsum    12 

Very  bard  crystalline  sandstone 1 

Brown  sandstone  containing  abundanceof  nrpsum 5 


Blue  marl  aontaining  septaria,  gypsum,  and  iron-pyrites  ....   10 
Friftble  tbin  sandstone  with  thin  bands  of  gypsum 8 

{Lower  Miocene,) 

Very  hard  crystalline  sandstone 1 

Soft  brown  sandstone  with  thin  bands  of  harder  material  ....     4 

Soft  brown  sandstone 13 

Thin-bedded  brown  sandstone 20 

Blue  and  grey  friable  sandstone 8 

273 

M*Ooy  and  Selwyn  have  used  the  European  nomenclature ;  but  I 
prefer  to  term  the  series  Cainozoio ;  and  as  it  appears  to  me  that  the 
upper  member  of  the  fossiliferous  series  is  merely  a  deepnsea  depo- 
sit (in  a  general  sense)  and  contemporaneous  with  those  below  it,  I 
cannot  see  the  propriety  of  terming  it  Pliocene.  The  term  Gaino- 
zoic  is  infinitely  preferable  here. 

Nor  can  I  distinguish  between  the  fossiliferous  series  and  the 
sands,  clays,  and  ferruginous  beds  aboye  it,  except  in  admitting  the 
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upper  deposit  to  have  been  fonned  under  different  conditions,  but 
whilst,  generally  speaking,  the  fauna  was  the  same  throughout  the 
area. 

Kg.  1. — Section  in  Moorahool  Valley y  showing  the  relation  of  the  Ter- 
Uaries  to  the  older  rocks  and  the  uppermost  basalt. 


k^    -  ?-*_  ^-^WS-55=552'?WS2M?r.r^ 


The  section  at  Moorabool  Valley  (fig.  1)  shows : — 

feet 

1.  Upper  Baaalt 49 

2.  Sandy  grit  10-15 

8.  Coralline  Limestone 13 

4.  Older  beaalt  enclosing  hard  oompsct  bands  of 

limestone  with  fosnls 30 

5.  Sandy  limestones    30 

6.  Ghravel  and  boulder-drift  90 

7.  Silurian  slate  and  sandstone  with  quarts  reins 

The  relation  of  the  fossiliferous  Tertiaries  to  the  contorted  Tctni- 
o/><«m-8andstones,  near  Cape  Otway,  can  be  seen  in  the  sketch  map 
executed  by  Mr.  Wilkinson. 

The  following  is  an  abstract  of  Mr.  Wilkinson's  admirable  survey 
of  the  Oape-Otway  district  *.  I  have  added  the  specific  names  of  the 
corals  to  the  notices  of  the  localities  whence  they  were  deriyed : — 

"  I  will  now  direct  your  attention  to  the  Miocene  tertiary.  Per- 
haps in  no  other  portion  of  the  colony  can  finer  sections  of  this  form- 
ation be  obtained  than  in  the  clifiis  along  this  coast.  I  would 
premise  that  the  Carbonaceous  range,  which  rises  from  the  Salt 
Creek,  near  Loutit  Bay,  and  attains  an  elevation  of  nearly  2000 
feet  above  the  sea  twelve  miles  north  of  Apollo  Bay,  and  which 
again  falls  to  Moonlight  Head,  seems  to  have  been,  if  not  an  island, 
an  elevated  portion  of  the  sea-bottom  during  the  deposition  of  the 
Miocene  strata.  Prom  the  present  position  and  general  horizontal 
manner  in  which  the  uppermost  beds  of  this  series  repose  on  the 
fianks  of  this  range,  I  am  inclined  to  believe  they  never  wholly 
covered  it.  This  formation  occurs  at  intervals  from  the  coast  east 
of  Loutit  Bay,  round  the  north  side  of  the  Dividing  Bange,  to 
Moonlight  Head,  and  thence  to  Cape  Otway.  Though  not  again 
seen  to  the  east  of  the  Cape  for  more  than  forty  miles,  there  can  be 
little  doubt  that  it  was  once  continuous  from  Moonlight  Head  to 
Point  Addis. 

*^  The  clifEs  on  the  coast  near  Spring  Creek,  sixteen  miles  south 
of  Geelong,  expose  a  thickness  of  about  300  feet  of  Miocene  strata. 
These  have  already  been  described  in  Mr.  Daintree's  report  and 
geological  map  of  that  district  (quarter-sheet.  No.  2&y  S.E.) ;  but  for 
the  saJce  of  comparing  them  with  the  strata  between  Cape  Otway 
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and  Warmambool,  I  will  again 
refer  to  them.  At  Spring  Creek 
[see  Table,  p.  288],  the  upper  por- 
tion of  the  series  is  nearly  100  feet 
in  thickness,  consisting  chiefly  of 
yellow  sandy  limestone — the  cal- 
oareons  portion  composed  almost 
entirely  of  polyzoa,  and  fragments 
of  echini-spines,  much  comminuted ; 
but  the  characteristic  fossils  of  these 
upper  beds  are  CdUpara  gambier^ 
entiSy  Spatangus  Forbetii  {Hemipa" 
tagus  Forbesii,  Duncan),  and  the 
little  Terebratula  campta.  The 
middle  series,  which  is  about  150 
feet  thick,  consists  chiefly  of  soft 
brown,  blue,  or  yellow  sandy  clays. 

**  The  prevalence  of  bivalve 
shells  is  very  characteristic  of  these 
beds  ;  the  most  common  are  Pec- 
tunculus  laticastatuSy  and  two  or 
three  species  of  Peeten ;  while  in 
the  beds  of  the  lower  series  unt- 
valve  shells  predominate.  The 
fossils  from  the  lower  beds,  Profes- 
sor M'Coy  regards  as  rather  be- 
longing to  the  Upper  Eocene. 

"Between  Cape  Otway  and 
Moonlight  Head,  only  a  fewpatches 
of  Miocene  strata  occur,  showing 
the  enormous  denudation  to  which 
this  coast  has  been  subjected. 

«*  The  cliflGs  at  Cape  Otway  (fig.  2) 
are  occupied  by  Mesozoic  sand- 
stone, overlain  by  very  recent  Ter- 
tiary calcareous  sandstone  ;  but 
about  a  mile  and  a  half  west  of  the 
Cape,  the  carbonaceous  rocks  ter- 
minate, and  we  immediately  have 
a  small  outcrop  of  Miocene,  which 
consists  of  dark  slate-coloured  stiff 
day  (g),  abounding  in  fossils,  espe- 
cially two  species  of  Turriteila, 
which  may  be  collected  in  any 
quantity.  The  fossils  from  here 
are  labelled  No.  1.  These  beds 
occupy  the  base  of  the  difl^,  and 
can  only  be  traced  for  a  few  chains ; 
they  may  be  referred  to  the  Lower 
Miocene  scries. 
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[The  following  Madreporaria  have  been  obtained  from  No.  1. 
Flabellum  distinotum,  Edw.  ^  H,         I   Deltoojathua  italicus,  Edw.  ^  K,  Tar. 
Conotroahufl  M^Coyi,  Dmim^oii.  |  Balanophylli>  cylindrioa,  Miekel,t  Tar.] 

'*  Some  of  the  bankB  around  the  Aire  marsh  are  composed  of  soft 
calcareons  day,  with  beds  of  hard  coralline  limestone,  ahnost 
wholly  made  up  of  comminuted  echini-spines  and  polyzoa ;  here  are 
also  some  very  ferruginous  beds  of  sandstone  containing  fossils. 
These  beds  may  be  referred  to  the  lower  part  of  the  upper  beds,  or 
the  upper  part  of  the  middle  beds  of  the  Spring-Creek  series.  The 
fossils  collected  are  labelled  No.  12.     [No  Madreporaria.] 

'*  We  next  find  Miocene  occupying  tiie  base  of  the  difb,  about  a 
mile  and  a  half  west  of  the  mouth  of  the  Aire  river.  Here  occurs 
a  bed  seyenteen  feet  thick  (f),  containing  fossil  leaves,  labelled  No.  2. 
This  bed  is  exactly  similar  in  appearance  to  those  composing  the 
clifb,  which  are  more  than  200  feet  high,  about  a  nule  east  of 
Point  Addis.  It  consists  of  a  dark,  almost  black,  argillaceous  clay, 
containing  crystals  of  selenite,  and  having  the  crevices  filled  with  a 
yellow  substance  similar  to  that  found  in  the  Point-Addis  beds, 
which  was  analyzed  and  determined  by  Mr.  Daintree  to  be  basic 
sulphate  of  iron,  the  analysis  of  which  is  given  in  his  report  above 
alluded  to.  A  few  feet  below  high-water  mark  this  bed  rests  on 
dark  day,  with  fossils  similar  to  that  first  mentioned,  near  Cape 
Otway.  These  beds  dip  to  the  west ;  but  for  a  little  more  than  a 
quarter  of  a  mile  they  are  so  covered  up  by  the  fallen  masses  of  the 
more  recent  tertiary  sandstone  that  their  sequence  cannot  be  traced; 
then  we  get  upper  beds  of  the  middle  series,  composed  almost  en- 
tirely of  polyzoa,  and  containing  many  fossils,  a  large  kind  of  Fec^ 
ten  predominating.  Here  a  fossil  seal's  tooth  was  found,  the  only 
one,  I  believe,  as  yet  discovered  in  the  miocene  strata  in  this  colony. 
Professor  M'Coy  regards  this  seal's  tooth  as  belonging  to  the  same 
spedes  as  those  found  in  the  miocene  strata  in  Malta — which  is  a 
very  interesting  fact  These  fossils  are  labelled  Nos.  3  and  4  [and 
contain  the  following  Madreporaria:— 


Flabellum  gambierenBe,  Duncan. 

distinctum,  Edw,  ^  H, 

Plaootrochiis  elongahu,  Ihmcan. 


Balanophyllia  campanulata,  Duncan, 
AmphineUa  incrustans,  Duncan, 
Balanophyllia  Selwyni,  Duncan,] 


"  The  beds  here  dip  to  the  west,  but  in  a  short  distance  they  rise 
to  Castle  Cove,  where  they  are  seen  resting  against  the  Carbona- 
ceous sandstones  (c),  and  dipping  at  rather  a  high  angle  (of  about  30°) ; 
they  consist  altematdy  of  soft  calcareous  days,  and  hard  thin  beds 
of  limestone.  Here  1  obtained  very  fine  spedmens  of  Terehratulo!, 
labelled  No.  5. 

'<  The  only  other  patch  of  Miocene,  I  believe,  on  the  south  side  of 
the  coast-range,  occurs  between  the  mouth  of  the  Joanna  river  and 
Browne's  Creek ;  this  is  chiefly  hard  yellow  limestone,  containing, 
besides  a  small  spedes  of  Serpula,  very  few  fossils :  the  beds  dip 
westerly  and  evidently  belong  to  the  Upper  Miocene.  The  remark- 
able difference  in  the  lithological  character  and  in  the  prevailing 
fossils  of  these  outliers,  renders  it  a  matter  of  difficulty  to  determine 
their  relations  correctly. 
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"  From  Moonlight  Head  to  the  mouth  of  the  Gellibrand  river  a 
▼ery  peculiar  suite  of  beds  occur.  The  fossils  they  contain  are  evi- 
dently Miocene ;  but.  with  the  exception  of  being  very  similar  in 
composition  to  the  leaf-bed  occurring  between  the  Aire  river  and 
Castle  Cove,  and  also  to  the  beds  composing  the  cli£Es  about  a  mile 
east  of  Point  Addis,  they  appear  to  have  no  equivalents  on  any 
other  portion  of  the  coast  About  a  quarter  of  a  mile  east  of  the 
mouth  of  the  Gellibrand,  these  beds  terminate  abruptly,  with  Plio- 
cene Tertiary  resting  on  and  against  them.  From  this  point  they 
gradually  rise  to  the  eastward,  at  an  angle  of  about  10^,  for  about 
two  and  a  half  miles,  when  they  rest  horizontally,  or  nearly  so,  on 
the  Mesozoic  sandstones ;  thence  they  continue,  with  slight  undula- 
tions, along  the  coast  to  the  east.  The  following  section,  shown  in 
the  clifGs  from  near  the  Gellibrand  river  for  about  two  and  a  half 
miles  eastward,  will,  I  think,  give  approximately  the  thicknesB  of 
these  beds. 

*^  Commencing  at  sea-level  we  have : — (1st)  45  feet  greyish-brows 
Carbonaceous  sandstone,  showing  false  bedding,  and  containing  hard 
concretionary  nodules  and  fragments  of  carbonized  wood ;  (2nd)  50 
feet  of  thin  ferruginous  sandy  beds,  with  small  rounded  quartz 
pebbles,  the  uppermost  beds  containing  fossils,  principally  Cuadl^M, 
Cyiherea,  and  Nautilus^  labelled  No.  6 ;  (3rd)  125  feet  of  nearly  black 
a^;illaceous  beds,  containing  a  few  rounded  quartz  pebbles  sparingly 
interspersed.  Crevices  in  these  beds  contain  the  same  yellow  basic  sul- 
phate of  iron  previously  mentioned.  In  the  middle  portion  of  these 
beds  a  few  fossils  are  found,  chiefly  a  species  of  Petraia^  numbers 
of  a  small  TurriUJla,  aggregated  in  patches,  and  a  few  sharks'  teeth, 
labelled  No.  7.  [The  Petraia  above  mentioned  is  Trochocyathus  me^ 
ridionalis,  Duncan,  which  is  accompanied  by  Trochocyathus  Victoria 
and  Cycloseris  tenuis,  Duncan.]  These  fossils  occur  chiefly  in  a  very 
hard  stratum,  the  hardness  of  which  alone  distinguishes  it  from  the 
softer  beds  of  similar  colour  with  which  it  is  interstratified.  (4th)  35 
feet  of  yellow  and  red  ferruginous  sandy  strata  without  fossils ;  (5th) 
40  feet  of  black  beds  similar  to  those  just  described,  with  the  exception 
that  they  apparently  contain  no  fossil  shells ;  but  wherever  you 
examine  them,  numerous  small  branching  markings,  like  Algae,  are 
found.  Specimens  obtained,  labelled  No.  8.  The  same  is  observecl 
in  all  the  black  beds  of  this  section ;  also  in  those  between  the  Aire 
river  and  Castle  Cove,  and  in  the  strata  before  referred  to,  about  a 
mile  east  of  Point  Addis.  Above  this  we  get  white,  yellow,  and 
red  sandy  clay,  passing  up  into  rounded  quartz-pebble  drift,  pro- 
bably Pliocene,  together  about  50  feet.  Total  thickness  from  (1st) 
to  (5th)  inclusive,  about  250  feet.  West  of  the  Gellibrand  the 
miocene  strata  are  of  an  entirely  different  character,  and  occupy  a 
very  wide  area.  They  occur  in  tiie  cliffs  along  the  coast  for  nearly 
forty  miles,  and  extend  north  nearly  to  Camperdown,  where  they 
pass  under  the  basalt.  For  thirty  chains  from  the  mouth  of  the 
Gellibrand  the  cliflfe  are  entirely  composed  of  Postpliocene  tertiary 
sandstone ;  the  Miocene  beds  dipping  to  the  east  then  commence, 
A  section  ten  chains  further  along  the  coast  gives,  above  sea-level : — 
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7  feet  blue  sandy  daj,  with  a  few  small  quartz  pebbles  scattered 
through  it,  and  no  fossils  ;  20  feet  yellow,  red,  and  grey  sandy  day, 
with  no  fossils ;   total  27  feet.    Aboye  this,  100  feet  PostpHocene 
calcareous  sandstone.     About  ten  chains  further  west,  we  find  upper 
Miocene  beds  full  of  fossils,  consisting  of  hard,  sandy  ironstone, 
about  4  feet  in  thickness,  resting  on  a  bed  of  ferruginous  pebble 
conglomerate  ;  this,  again,  rests  on  a  loose  ferruginous  sandy  bed,  at 
high- water  mark,     llie  most  abundant  fossils  of  the  upper  bed  are 
a  large  Pecten  and  the  large  branching  Cdlepara  gambi^rentia.    The 
pebbles  of  the  conglomerate  consist  of  rolled  fragments  of  Miocene 
day,  containing  fossils;  these  are  mingled  witib  broken-up  frag* 
ments  of  fossils  and  loose  sand.    This  is  the  only  pebble-conglo- 
merate I  hare  seen  in  the  Miocene  strata.     Unfortunately  it  could 
not  be  traced  beyond  this  point,  owing  to  the  fiEillen  masses  of  the 
more  recent  Tertiary  sandstone.     A  little  further  to  the  west  we 
come  on  to  a  dark  slate-cdoured  stiff  clay,  very  rich  in  fossils,  chiefly 
univalves.     Among  the  prindpal  ones  are  very  fine  spedmens  of 
Cyprceay  VoltOa,  Fumis,  Pleurotoma,  Cerithium,  &c. ;  tiiese  fossils 
I  have  labelled  No.  9  [see  list  of  Corals,  No.  9  p.  312].     A  section 
about  three  miles  west  of  the  Gellibrand  affords,  above  high-water 
mark : — 40  feet  dark  blue  stiff  day,  the  same  as  that  just  mentioned, 
abounding  in  fossils ;  32  feet  rather  hard  yellowish  calcareous  clay, 
containing  very  few  fossils ;  above  this  about  75  feet  Postpliocene 
calcareous  sandstone.    This  section  is  taken  nearly  at  the  apex  of 
an  anticlinal  curve  of  the  Miocene  strata,  which  now  dip  N.W.  at 
6^  for  nearly  a  mile,  when  they  become  nearly  horizontal,  and  are 
seen  to  be  about  100  feet  thick,  with  20  feet  more  or  less  of 
Pliocene  red  day,  resting  unconformably  on  them.    These  beds  evi- 
dently belong  to  the  Lower  Miocene  series.     They  very  much  re- 
semble, both  in  their  compodtion  and  the  character  of  their  fossils, 
the  strata  compodng  the  cliff  in  the  Orphan- Asylum  Reserve,  at 
Pyan's  Ford,  near  Geelong.     From  here  the  strata  gently  undulate 
until  within  a  short  distance  of  Curdie's  Inlet,  when  they  dip  to 
the  west  and  disappear  at  sea-level.    A  section  at  the  mouth  of  a 
creek  about  a  mile  west  of  the  Sherbrook  river  gives,  above  sea- 
level  : — 6  feet  hard  yellow  limestone,  containing  very  few  fossils ; 
30  feet  bluish  day,  rich  in  fossils ;  54  feet  yellow  calcareous  clay 
with  fossils;  10  to  15  feet  Pliocene  red  sandy  day.     The  fossils 
from  these  beds,  labelled  No.  10,  which  may  be  dassed  as  belong- 
ing to  the  lower  portion  of  the  middle  series,  consist  chiefly  of 
bivalves.     At  Port  Campbell  the  diffe  are  prindpally  composed  of 
beds  of  yellow  sandy  limestone,  and   yellowish-white   cdcareous 
day,  which  dip  S.W.  at  5® ;  they  contain  very  few  fossils.     The 
uniformity  in  the  colour  of  these  beds,  and  the  dim  traces  of  strati- 
fication, render  it  difficult  to  ascertain  the  thickness  of  each  bed. 
They  exhibit  numerous  'faults'  in  the  cliff-sections;  in  the  short 
distance  of  a  mile  1  observed  ^yo  or  six  of  them. 

**  The  cUffs  at  the  mouth  of  Curdie's  Inlet  are  only  from  thirty  to 
forty  feet  high,  composed  entirely  of  a  soft  yellow  limestone,  con- 
taining very  few  fossils,  excepting  two  or  three  small  spedes  of 
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Ter^nxOula  and  Spatangus  Fbrbesii.  This  limestone  appears  to  rest 
slightly  nnconformably  on  the  underlying  caleareous  clays;  for 
where  a  section  of  both  is  obtained,  the  former  is  seen  filling  np 
small  hollows  worn  out  in  the  upper  beds  of  the  latter.  About 
a  mile  west  of  Curdie's  Inlet  the  day-beds  again  appear,  and  rise 
at  a  low  angle  to  the  west  for  a  short  distance,  when  they  gently 
undulate,  until  within  a  few  miles  of  Warmambool,  when  they 
again  disappear  at  sea-level,  and  the  difls  to  the  west  become  en- 
tirely occupied  by  the  Postpliocene  calcareous  sandstone. 

'*  On  Curdie's  Creek,  about  ten  miles  south  of  Oamperdown,  we 
find  calcareous  days  and  limestones  similar  to  those  seen  along  the 
coast ;  they  contain  a  few  fossils,  and  are  seen  passing  under  the 
basalt.  It  is  very  evident  that  tlds  formation  is  continuous,  south- 
ward, to  the  coast,  with  the  higher  portions  of  the  intervening  hilla, 
covered  more  or  less  with  Pliocene  red  sandy  clay,  and  concretion- 
ary sandy  ironstone.  This  information  I  obtained  from  Mr.  Scott, 
District  Surveyor,  and  Dr.  Curdie,  of  Oamperdown,  who  kindly 
showed  me  specimens  of  fossils,  &c.,  collected  by  them  during  their 
tours  across  this  country  to  the  coast.'' 


in.  List  of  thb  Species  of  Fosstl  Madbbporabia. 

Suborder  ZOANTHARIA  8CLER0DERMATA.    (Madreporaria.) 

Section  MADREPORARIA  APOROSA. 

Family  TuRBiKOLrD^. 

Subfamily  Cari/ophyUinoi, 

1.  Caryophylli^  viola,  Woodt  #  Dumean.    HiuiiiltontertiarieB,  Tidafc  Crwk. 

2.  Trochocyathna  meridionaliB,  Dunean.    No.  7,  2^  milce  eut  of  riyer  Gel- 

3-  —— Victoriae,  Duncan,  and  1  var.     No.  7,  2*  miles  east  of  river  Oelli- 
brand. 

4.  Deltooyathus  itaUoua,  Edw.  #  K,  var.    No.  1, 1^  mile  west  of  Gi^  Otway. 

Subfamily  Turhinoliaeeai. 

5.  Sphenotarochus  australis,  Duncan.    Hamilton  teptiaries. 
S'  7^ — OTcisas,  i)i*«c<m.    Hamilton  teptiaries. 

7.  Conotoochus  M'Ooyi,  Duncan.    No.  1,  1^  mile  west  of  Cape  Otway. 

ft   piILS?'%^??"?^^;.  ^^'^  ^»  3  ™^~  "^^^  o^  *^«  Qellibriid  rive/. 
«.  i«TabeUum  Victoria,  Duncan.    Hamilton  teptiaries,  Muddy  Creek. 
11  I^D»own»e,  Duncan.     Mt.  Gambier  and  No.  4  cUy,  Cape  Otway. 

Q^m^^^t  *^'   Miirraytertiarie8,andNo.9,3iileswertof 

\\'  ^piZJ^^^'^'^  ^«'-  *  ^^    No.  I  and  No.  4. 

™~^ochu8  elongatus,  Duncan.    Hamilton  tertiaries.  Muddy  Creek,  and 

14  deltoideun,  Duncan.     Hamilton  tertiaries,  Muddy  Creek,  and  No.  9. 
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Family  OcuLnrisA. 

Division  Oculinaeece, 

15.  Amphihelia  inorusteiu,  Jhmoon,     No.  S,  Upper  CoraUine  beds.  Cape 

Otway.  ^ 

Family  FxTireiDjK. 

Subfamily  Lophoserince, 

16.  Pabeoeeris  Woodn,  Duncan.    Hamilton  tertiariea,  Muddy  Craek. 

17.  Cyolowrii  tenuis,  Duncan.    Ko.  7,  2  miles  east  of  the  riyer  Gellibrand. 

Family  Abtrxidje. 
Subfamily  EusmUincB. 

Division  TroehosmiUaceaf, 

18.  Conoflmilia  elegans,  Dtffuwi.    Geelong  tertiariet. 

19.  anomala,  Duncan,    Hamilton  tertiariee. 

20.  striata,  DtfMcan.    Geelong  tertiaries. 

21.  lituolus,  Duncan.    No.  9,  3  miles  west  of  the  rirer  Oellibrand.. 

Division  LUhophyViaeem. 

22.  AntiUia  lens,  Duncan.    Hamilton  tertiaries. 

Section  MADEEPORARIA  PERFORATA. 
Family  Madbporida. 

Snbfamily  Eupsammino!. 

23.  Balanoph^llia  oampanulata,  Duncan,    No.  4. 

24.  semmuda,  Duncan.    Hamilton  tertiaries. 

26.  armata,  Duncan.    Hamilton  tertiaries. 

26.  tubuliformis,  Duncan,    Hamilton  tertiaries. 

27.  fragilis,  Duncan,    Hamilton  tertiaries. 

28.  au^raliensis,  Duncan.    Hamilton  tertiaries. 

29. Selwyni,  Duncan.    No  3,  Upper  ooral-beds. 

SO.  cylindrica,  Mick.,  mr.    No.  1,  1^  mile  west  of  Cape  Otwaj. 

31. Ulridii.    Duncan.    No.  1,  IJ  mile  west  of  Cape  Otway. 

lY.  Dbscbiption  ov  thb  Spbcies. 
1.  Cabtophtllia  viola,  Duncan  and  Woods.    Plate  XIX.  fig.  1. 
Turlnnolia  viola^  Woods,  MS. 

The  coral  is  cuneiform  and  very  much  oomprcBsed  at  the  base, 
which  is  rounded  inferiorly.  The  calice  is  elliptical  and  shallow.  The 
septa  are*  delicate ;  the  principal  are  exsert  and  rounded,  having 
la^  lateral  spiny  granules.  There  are  six  systems  of  septa,  and 
four  cycles.  The  first  three  orders  are  nearly  equal ;  but  the  septa 
of  the  fourth  and  fifth  orders  are  small,  curve  towards  and  touch  the 
tertiary.  The  pall  are  tall  rounded  lobes  on  the  tertiary  septa ;  they 
are  stout,  larger  than  the  end  of  the  septa,  and  are  sparsely  granu- 
lar. The  columella  is  long  and  papillary.  The  costae  are  visible  to 
the  base,  are  slightly  wavy  in  their  course,  are  separated  by  di- 
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stinct  grooves,  and  are  of  different  lengths,  those  of  the  higher 
orders  joining  the  others,  which  reach  to  the  base.  All  aie  visibly 
crenulate  and  fiedntly  granular. 

In  form  the  coral  resembles  a  Sphenotroehm  ;  the  papilke  on  the 
columella  resemble  those  of  Braehyeyaihus ;  the  single  row  of  pali 
and  the  distinct  costse  determine  it  to  be  one  of  the  CaryophyJUae ; 
but  the  absence  of  an  epitheca  is  remarkable.  It  is  a  very  beauti- 
fnl  form,  and,  without  its  calice,  would  be  taken  for  an  Eocene  Tur- 
binolian. 

Height  -^  inch.  Length  of  calice  -j^  inch ;  width  of  calice 
A  inch. 

Locality,  Yiolet  Greek,  near  Muddy  Creek,  South  Australia. 

2.  Tbochoctathtts  MSBmioirAXis,  n.  sp.     Plate  XIX.  fig.  2. 

The  oorallum  is  short  and  hemispheroidal  in  shape,  marked  ex- 
ternally by  subequal  oostffi  and  a  depression  at  the  base,  small  and 
circular  in  outline.  The  coste  are  separated  by  distinct  inter- 
costal spaces,  are  very  prominent  at  the  calicular  margin,  and  fiaintly 
nmrked  with  wavy  swellings,  and  their  external  surface  near  the 
base  has  a  row  of  rounded  granules.  The  primary  and  secondary 
are  slightly  larger  than  the  tertiary,  and  the  higher  orders  are  smaller 
than  tifie  latter.  The  calice  is  circular  in  outline,  and  shallow.  The 
septa  are  distinct,  imequal,  distant,  and  smaller  than  the  coetae.  They 
are  broad  externally  and  exsert,  but  they  soon  become  narrow,  gra- 
nular laterally,  and  depressed  below  the  cieJicular  margin.  There  are 
four  cycles,  in  six  systems :  the  primary  are  the  laigest,  and  are  con- 
nected with  the  largest  and  most  prominent  costte ;  tiie  secondary 
are  smaller;  and  the  smallest  septa,  t.  e.  those  of  the  fourth  and  fifth 
orders,  only  unite  with  the  tertiary  far  inwards.  The  granules  are 
large,  and  appear  to  increase  in  size  towards  the  columella.  There 
are  pali  before  all  the  septa  except  those  of  the  last  cycle ;  and  the 
upper  edges  of  the  septa  pass  upwards  and  inwards  to  reach  the  pali, 
wluch  are  small,  long,  and  granular.  The  tertiary  pali  are  more 
external  than  the  others ;  and  all  are  united  laterally  by  a  spongy 
tissue,  so  as  to  form  a  ring  higher  than  the  septa  in  the  body  of  the 
calice.  The  ring  occupies  much  space,  forms  the  outside  of  the 
columella ;  and  within  the  ring  is  a  deep  fossula,  at  the  bottom  of 
which  the  hard  and  flat  centre  of  the  columella  is  seen. 

Height  of  corallimi  A  inch.     Breadth  of  calice  -^  inch. 

Locality  No.  7,  2|  mues  east  of  the  river  Gellibrand. 

3.  Tbochoctathus  Victori-»,  n.  sp.     Plate  XIX.  fig.  3. 

The  corallum  is  subturbinate  and  compressed.  The  base  is  elongate 
and  nearly  in  the  shape  of  a  ridge.  The  calice  is  elliptical  in  shape, 
and  shallow.  The  costsB  are  slightly  waved,  distinct,  subequal,  pro- 
minent, rounded,  and  ornamented  on  the  free  surface  by  circular 
disks  with  a  central  boss-like  swelling,  or  by  moniliform  sweUtngs 
covered  with  a  pellucid  structure,  which,  when  worn,  represents  the 
outside  of  the  disk.  They  are  slightly  granular  laterally.  The 
calicular  margin  is  broad,  and  the  wall  is  stout.     The  septa  are 


Digitized  by 


Google 


>*» 


Digitized  by 


Google 


G  H  d«mia*  dU  «t  lo^i 


ATJSTHALIAN" 

Digitized  by  LjOOQ  IC 


T]E 


Quart,  Journ  Gcol  Sec  Vol  JQC/I  P1X7. 


^^^^,  *l^I^l 


lARY        CORALS. 


Digitized  by  VjOOQ IC 


Digitized  by 


Google 


Digitized  by 


Google 


'-:^ft5:^•J^ 


GRD«'Wnae  d«l   elLtk 


Digitizea  d  AU  S  TEALIAN         T 


Quart  Joum  Geol.  SocVolXXVIPlXXI. 


UAMY        COHALS. 


Digitized  by 


Google 


"fflfesk  imp. 


Digitized  by 


Google 


1870.]  DVirCAH — ^AUBTRAIJAK  CORALS.  297 

smaller  than  the  cosUb,  and  rather  ezsert,  but  soon  become  thin, 
granular  laterally  and  rather  wavy  in  their  course  ;  they  are  long, 
wide  apart,  and  unequal ;  those  of  the  higher  orders  are  long,  and 
turned  towards  the  tertiary  near  the  columella;  there  are  four 
cycles  of  septa,  in  six  systems.  Th»  pall  are  slightly  broader  than 
the  septal  ends,  and  are  long  and  granular.  They  are  before 
all  the  septa  except  those  of  the  fourth  and  fifth  orders.  The  colu- 
mella is  essential,  spongy,  and  small. 

Height  of  the  coradlum  ^  inch.  Length  of  calioe  ^  inch. 
Breadth  ^  inch. 

Locality,  No.  7,  2^  miles  east  of  the  river  Gellibrand. 

Variety.  A  variety  whose  corollum  is  taller,  and  whose  base  is 
filled  up  with  sderenchyma,  has  larger  cost®  and  more  distinct 
ornamentation.  When  worn  these  fossils  present  veiy  distinct  costse, 
with  an  uneven  free  surface.  They  occur  in  a  kind  of  dark  shale, 
and  are  found  in  numbers  together. 

4.  DsLTOCTATHUB  iTAXJCus,  var.  AusxaALiEKSiB.     Plate  XIX.  fig.  4. 

The  oorallum  is  in  the  shape  of  a  very  short  cone.  The  costsd 
are  very  distinct  from  the  base  to  the  calicular  margin ;  they  are 
nearly  equal  in  breadth ;  but  there  are  twelve  which  are  longer 
than  the  others,  and  straight.  Those  next  in  size  bifurcate,  and  the 
smallest  are  placed  between  the  costs  resulting  from  the  bifurcation. 
All  are  rounded,  intensely  and  distinctly  granular  externally  and 
laterally,  and  separated  by  deep  intercostal  spaces.  The  caUce  is 
circular  in  outline,  rather  convex ;  and  the  costflD  run  into  septa 
without  the  wall  being  seen.  The  septa  are  unequal  in  length,  but 
very  equal  in  thickness ;  they  are  simply  granular,  stout,  and  some- 
what arched.  There  are  four  cycles,  in  six  systems.  The  pali  are 
very  distinct,  granular,  and  broad;  they  are  placed  before  the 
secondary  and  tertiaiy  cycles.  Those  before  the  secondary  septa  are 
nearest  &e  columella ;  and  those  before  the  tertiary  do  not  pass  in  a 
right  line  to  the  columella,  but  to  the  secondary  pali.  The  columella 
is  papillary. 

Height  of  the  corallum  ^^  inch.    Breadth  of  the  calioe  |  inch. 

Locality,  li  mile  west  of  Cape  Otway. 

The  typical  Ddtocyathus  is  found  at  Tortona,  in  a  miocene  deposit ; 
it  is  very  closely  allied  to  the  Australian  form,  which  has  granular 

COStSB. 

5.  SpHEVOTBooHirs  ArsTBALis,  Duucau.     Plate  XIX.  fig.  5. 

The  ooral  is  very  compressed,  especially  inferiorly,  where,  on 
either  side  of  the  centre  of  the  base,  a  process  passes  downwards, 
giving  it  a  ^*  fishtail "  appearance.  At  the  calice  the  compression  is 
less,  but  the  great  axis  is  at  least  twice  the  length  of  the  smaller. 
The  coral  is  longer  than  brottd.  The  costaB  are  broad,  somewhat 
wavy,  and  separated  by  weU-marked  lines :  those  of  the  inferior 
appendages  arise  from  the  extremities  of  the  processes,  and  pass 
upwards  and  inwards  ;  and  the  lateral  costae,  wavy  below,  become 
^raight  above.     All  are  plain.     The  wall  is  much  thicker  at  the 
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endl  of  the  long  axis  than  elflewhere  (in  sections).  The  calice  is  not 
shallow,  is  elliptical,  and  presents,  deeply  seated,  a  long  lamellar 
ooihimella,  which  is  joined  to  the  primary  and  secondary  septa  by  pro- 
cesses. The  septa  are  well  developed  and  plain  ;  they  are  not  exsert, 
but  pass  straight  downwards  and  inwards  towards  the  columella ; 
they  do  not  correspond  to  the  costae,  but  to  the  intervals  between 
the  oostas,  and  they  number  thirty-two.  There  are  three  cycles, 
with  the  orders  of  a  fourth,  in  two  systems. 

Height  i  inch.  Breadth  ^  inch.  Small  diameter,  halfway,  ^q 
inch. 

Locality.  Hamilton,  Victoria,  South  Australia. 

6.  Sfhevoiboceus  exoicxts,  Duncan.    Plate  XIX.  fig.  6. 

The  ooial  is  generally  much  compressed,  especially  inferiorly, 
where  two  lateral  processes  give  a  notched  or  emarginate  appearance 
to  the  base.  Superiorly  the  relation  of  the  long  to  the  short  axis  is 
at  least  as  2  to  1.  The  coral  is  short  and  broad  ;  the  base  is  nearly 
as  wide  as  the  calice  is  long.  The  costee  are  large  and  plain,  and  are 
separated  by  well-marked  lines :  the  costas  of  the  appendices  are  the 
largest ;  they  pass  upwards  to  the  calice,  and  all  are  more  or  less 
wavy,  the  central  widening  out  near  the  calicular  margin.  The 
calice  is  shallow  and  elliptical.  The  columella  is  not  long,  and,  from 
being  joined  to  the  primary  and  secondary  septa  by  processes  which 
are  rounded  above,  is  confused  in  its  appearance.  The  septa  are  in 
six  systems  of  three  cydes ;  they  are  wider  at  the  wall  tiian  else- 
where, and  granular,  and  those  of  the  third  cycle  are  much  smaller 
than  the  others.  All  the  septa  correspond  to  the  depressions  between 
the  costae. 

Height  I  inch.     Bi^eadth  -^  inch. 

Locality.  Hamilton,  Victoria,  South  Australia. 

7.  CoiroTRocHirs  M'Coti,  n.  sp.     Plate  XIX.  ^g,  7. 

The  corallum  is  small,  claviform,  straight,  and  marked  with  strong 
transverse  ridges  of  epitheca.  The  calice  is  circular  in  outline,  and 
the  margin  is  rather  stout.  The  septa  are  \inequal ;  there  are  three 
cycles,  in  six  systems;  and  the  primary,  which  reach  the  columella,  are 
very  stout,  slightly  arched,  and  faintly  granular.  The  secondary 
septa  are  smaller  than  the  primary,  and  they  occasionally  reach  the 
columella ;  the  tertiary  septa  are  either  rudimentary  or  only  faintly 
seen.     The  columella  is  stout,  papillary,  essential,  and  projecting. 

Height  of  the  corallum  ^  inch.  Breadth  of  the  calice  about  ^ 
inch. 

Locality.  1-1 J  mile  west  of  Cape  Otway. 

8.  CoiroTRocHUB  TTPT7S,  Segucuza,  var.  AusTRALiEirsis.    Plate  XIX. 

fig.  8.     Segu.  Disqu.  Pal.  intomo  ai  Gorall.  Foss.,  Mem.  Acad. 
Turin,  torn.  xxi.  p.  478. 

The  corallum  is  small,  cylindro-couical; '  curved  and  pedicellate. 
The  epitheca  is  strong,  and  ridged  transversely,  and  reaches  to  the 
calicular  margin ;  it  is  marked  with  wavy  lines  transversely,  and 
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with  elevations  longitudinally.  The  calice  is  circular.  The  septa 
are  not  exsert,  and  are  unequal,  short,  not  very  straight,  granular 
and  distant ;  the  cyclical  arrangement  is  very  irr^ular,  and  there 
are  three  cycles  in  some  systems,  and  part  of  a  fourth  in  others. 
The  septa  are  alternately  large  and  small,  and  there  are  twenty- 
eight  of  them.  The  columella  is  large,  and  consists  of  several  (twelve) 
irregularly  shaped  papillose  projections. 

Height  of  the  corallum  ^  inch.     Breadth  of  the  calice  ^  inch. 

Locality.  No  9,  8  miles  west  of  the  river  GeUibrand. 

9.  Flabellttic  Yictoblb,  Duncan.     Plate  XIX.  fig.  11. 

The  coral  presents  a  large  basilar  erosion,  the  result  of  the 
breaking-off  of  the  peduncle :  it  has  a  sharp  lateral  spine  on  either 
side,  which  projects  outwards  and  downwai^,  and  which  is  situate 
immediately  above  the  erosion.  The  coral  is  tall,  compressed  more 
below  than  above  ;  its  sides  are  slightly  concave;  and  it  is  famished 
with  an  epitheca  which  has  faint  transverse  markings.  The  sides 
of  the  coral,  where  they  are  produced  towards  the  attachment,  would 
form  an  angle  of  about  20° ;  they  are  rounded  off,  and  only  present 
the  spine  already  noticed.  The  calice  is  eUiptical ;  the  plane  of  the 
smaller  axis  is  slightly  higher  than  that  of  the  larger ;  the  fossa  is 
shallow,  but  centrally  deep,  narrow,  and  long,  and  the  wall  is  thin. 
The  septa  are  delicate,  not  exsert,  are  very  slightly  rounded,  marked 
by  large  granules  in  series,  and  unequal ;  there  are  four  cycles, 
in  six  systems,  the  primary  and  secondary  septa  being  equal.  There 
is  no  columella.  The  intercostal  spaces  are  developed  into  rounded 
ridges,  and  the  septa  are  continuous  with  them. 

Height  ^ij  inch.  Length  of  calice  -^  inch.  Breadth  of  calice  -^^ 
inch. 

Locality.  Muddy  Creek,  South  Australia. 

10.  Flabslluk  DnmjiCTUJi,  Edw.  &  H«    Plate  XX.  fig.  2. 

The  corallum  is  much  compressed.  The  lateral  costsB  are  slightly 
convex,  not  almost  horizontal,  but  slightly  ascending,  and  fur- 
nished with  strong  crests  inferiorly.  The  principal  costad  are  dis- 
tinct and  broad,  but  very  slightly  prominent.  The  calice  has  a 
slightly  convex  margin ;  the  axes  are  as  100  to  240 ;  the  summits 
of  the  large  axis  are  rounded,  and  are  situated  at  the  upper  third  of 
the  corallum ;  the  fossule  is  narrow  and  very  deep ;  and  the  colu- 
mella is  quite  rudimentary  or  does  not  exist.  There  are  six  systems 
of  septa,  and  six  cycles,  in  perfect  specimens. 

Localities.  No  1,  1|  m5e  west  of  Cape  Otway,  and  No.  4,  clay 
beneath  **  Coralline  beds,"  Cape  Otway.  Recent  in  the  Bed  Sea  and 
Japan. 

11.  FimASELlvu  GAKBiSRBNSB,  DuBcau.     Plate  XIX.  figs.  9  &  10. 
The  coral  is  tall,  slightly  or  decidedly  curved,  has  a  long  tapering 

pedicel,  concave  sides,  and  often  small  spines  nearer  the  calice  than 
the  pedicel ;  it  is  compressed,  has  a  strong  epitheca,  whose  folds  are 
aiched  and  finely  linear,  and  a  calice  oval-elliptical  in  shape.     The 
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septa  are  in  six  systems  of  fonr  cycles  :  the  primary  and  secondary 
are  equal,  stout,  granular,  and  enlarged  internally,  where  their  ends 
form  a  rudimentary  parietal  columeUa ;  the  other  septa  are  smaller 
and  granular.  The  costse  are  represented  by  depressions,  and  the 
intercostal  spaces  by  rounded  elevations,  which  are  marked  by  chevron 
markings  of  the  epitheca.  The  septa  are  continuous  with  the  de- 
pressions between  the  ''  intercostal  spaces,"  which  may  be  regarded 
more  or  less  as  costae. 

Height  of  the  coral  -^  inch.  Length  of  calice  -^  inch.  Width 
of  calice  -i^  inch. 

Localities,  Tertiaries  of  Mount  Gambier,  South  Australia,  and 
No.  4,  clay  beneath  "  Coralline  beds,"  near  Cape  Otway,  Yictoria, 
S.  Australia. 

12.  Flabellttm  Cakdbaktjm,  Edw.  &  H.     Plate  XX.  fig.  1. 

Locality,  Murray  Tertiaries.  No.  9,  3  miles  west  of  the  river 
Gellibrand 

13.  Placotrochtjs  elongatus,  Duncan.    Plate  XX.  fig.  3. 

The  coral  is  very  taU  in  relation  to  its  breadth,  straight,  greatly 
compressed,  especially  inferiorly,  finely  pedicellate  and  cuneiform. 
The  sides  are  rounded,  and  slightly  swollen  out  here  and  there,  and 
form  an  angle  of  about  15^-20^,  or  arc  sharp  and  slightly  spined ;  but 
the  spines  do  not  project  much  beyond  the  epitheca  (in  old  specimens). 
The  anterior  and  posterior  surfaces  are  flat.  The  calice  is  small, 
elliptical,  and  rounded  at  the  sides;  it  has  slightly  exsert  septa, 
which  are  rounded,  thin,  delicate,  unequal,  and  in  six  systems  of  four 
cycles.  The  fossa  is  central,  shallow,  and  long ;  the  columella  pro- 
jects from  the  bottom  of  it  as  a  distinct,  straight  lamella.  The  colu- 
mella 18  stout  in  the  body  of  the  coral,  and  is  thinner  at  its  free 
edge ;  laterally  it  is  marked  by  distinct  papDlte,  which  mark  the 
junction  of  the  principal  septa ;  and  it  is  *'  essential."  The  lamellae 
of  the  septa  are  delicate,  highly  granular,  and  are  often  wavy  at  the 
inner  margin.  The  smaller  axis  of  the  ealice  is  slightly  higher  than 
the  longer.  The  costte  are  faintly  marked,  or  distinct  and  linear. 
The  epitheca  is  in  strong  curved  folds,  often  as  festoons  between 
the  costae. 

Height  ^  inch.  Length  of  calice  ^  inch.  Breadth  of  calice 
^  inch. 

Localities.  Muddy  Creek,  South  Australia,  and  No.  4,  clay  beneath 
"  Coralline  beds,"  South  Australia. 

14.  Placotrochxts  deltoideus,  Duncan.     Plate  XX.  ^g.  4. 

The  corallum  is  deltoid,  finely  pedicellate  inferiorly,  and  com- 
pressed. Superiorly  the  calice  is  wide  and  long.  The  oostae  are 
moderately  distinct.  The  epitheca  is  strong,  and  pi^esents  arched 
ridges,  the  costse  being  often  chevroned  beneath  it.  The  columella 
is  long,  sharp,  thin,  and  faintly  papillate.  The  septa  are  not 
exsertj  are  feebly  arched  and  delicate,  granular,  and  their  internal 
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margin  is  often  wavy.     There  are  six  systems,  and  five  incomplete 
cycles.     The  lateral  crests  form  an  angle  of  about  t>0^. 

Height  of  coral  1  inch.     Length  of  calico  -^^  inch. 

Loeality,  Muddy  Creek,  South  Australia.  No.  9,  3  miles  west  of 
the  river  Gellibrand. 

Variety  bursarius  with  the  lateral  crests  forming  convex  pro- 
minences. 

Fal^ossbis,  gen.  nov. 

This  genus  forms  part  of  that  named  and  described  by  Milne- 
Edwards  and  Jules  Haime  as  Falaeocydus^  and  it  is  proposed  for  the 
reception  of  TrochourU  Woodsi,  nobis  ^Ann.  Mag.  Nat.  Hist.  Sept. 
1864).  There  was  some  doubt  concerning  the  genus  of  T.  Woodsi 
when  the  spedee  was  described,  because  its  anatomical  details  clearly 
pointed  out  Palceocydus  as  the  genus  under  which  it  should  be  ar- 
ranged. But  'PaloBocychis  is  a  Silurian  genus,  the  only  one  of  tho 
Fungidss  in  the  Palseozoio  coral-faunas.  A  careful  examination  of 
the  species  described  under  the  generic  term  Palceocydus  was  under- 
taken (see  Phil.  Trans.  Eoy.  Soc.  1867) ;  and  I  found  that  they  could 
not  be  admitted  amongst  the  Fungids  at  all,  as  they  did  not  possess 
synapticulie  and  did  possess  tabulse.  The  Palcsocydi  of  Edwards  and 
Baime  are  truly  palceozoic  forms,  and  are  Cyathophyllida,  An  ex- 
amination of  the  species  Woodsi  decided  my  referring  it  no  longer  to 
Trodtoseris  but  to  a  genus  which  would  replace  PdUxocydus  more  in 
name  than  in  minute  anatomy. 

The  genus  must  be  classified  with  the  Lophoseiine. 

The  oorallum  is  simple,  turbinate,  and  pedicellate.  The  septa  are 
numerous.  Tho  epitheca  is  complete  and  dense,  covering  the  costse. 
The  columella  is  rudimentary. 

15.  Paubosabis  Woodsi,  Duncan.     Plate  XX.  Fig.  7. 
Trodioseris  Woodsi y  Duncan. 

The  corallum  is  fixed  by  a  small  pedicel,  and  is  cylindro-eonical  and 
turbinate  in  shape.  The  calice  is  widely  open,  circular,  and  shallow  ; 
the  margin  is  thin.  The  septa  are  not  exsert,  but  are  delicate, 
crowded  and  rather  subequal ;  there  are  six  systems,  and  five  cycles, 
with  the  half  of  a  sixth,  in  each  system.  The  smaller  septa  generally 
join  the  larger ;  and  tJiese  reach  the  central  fossula.  The  laminse 
are  marked  laterally  by  synapticulae. 

Height  -X  inch.     Breadth  of  calice  A  inch. 

Locality,  Muddy  Creek,  South  Australia. 

16.  Ctclosbbis  tenuis,  n.  sp.     Plate  XX.  ^^,  8. 

The  corallum  is  circular  in  outline  and  very  thin ;  it  is  slightly 
convex  centrally,  where  there  is  a  shallow  elongated  fossule ;  and 
there  is  a  decided  concavity  inferiorly,  marked  with  numerous  costae. 
The  septa  are  distinct,  distant,  very  slightly  marked  with  rounded 
dentations ;  and  there  five  cycles,  incomplete  and  in  six  systems. 

Height  -^  inch.     Breadth  i  inch. 
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Locality.  No.  7,  2|  miles  east  of  the  river  GeUibrand,  Victoria, 
South  Australia. 

17.  BiXAVOPHTLXJA  GAMPAniTLATA,  n.  sp.    Plate  XXI.  Fig.  1. 

The  corallum  is  pedicellate,  has  a  slight  constriction  immediately 
above  the  small  base,  and  expands  regularly  into  an  elongate  bell- 
shape.  The  epitheca  exists  inferiorly ;  but  it  is  very  delicate,  and 
permits  the  flat  costee  to  be  distingni^ed.  The  calice  is  elliptical, 
and  the  margin  is  slightly  everted ;  the  wall  is  moderately  developed. 
The  columella  is  large,  long,  spongy,  and  prominent,  l^e  septa  are 
stout :  there  are  four  cycles ;  and  the  septa  of  the  fourth  and  fifth 
orders  unite  with  the  tertiary  midway  between  the  wall  and  the 
columella.  The  tertiary  septa,  after  the  junction  with  the  others, 
are  as  large  as  the  primary  and  seconda^  septa.  The  lamince  are 
granular.  The  costas,  where  uncovered,  are  separated  by  distinct 
intercostal  spaces  with  numerous  foramina ;  they  are  slightly  un- 
equal, and  have  both  granulations  and  foramina  on  their  flat  external 
surface.  There  are  rarely  more  than  two  rows  of  granules ;  and  they 
are  scarce. 

Height  of  the  coraUum  -^  inch.     Breadth  of  the  calice  -^  inch. 

Locality.  No.  4,  clay  beneath  "  Coralline  beds/'  near  Cape  Otway. 
It  is  associated  with  Trig<mia  iemiundvlata, 

18.  Balanophtllia  sbmuhtda,  n.  sp.    Plate  XXI.  fig.  2. 

The  corallum  has  a  wide  base,  with  a  constriction  immediately  above 
it,  and  is  cylindrical,  but  slightly  wider  at  the  calice  than  elsewhere. 
The  epitheca  is  very  dense  for  half  the  distance  up  the  coraUum,  and 
is  ^wanting  elsewhere.  The  costse,  invisible  below,  are  distinct  where 
the  epitheca  does  not  exist  above ;  they  are  formed  by  vermiculate 
projections.  The  calice  is  circular  in  outline ;  its  margin  is  thin,  ex- 
cept at  the  origin  of  the  primary  and  secondary  septa,  where  it  is  Uiick 
and  cellular ;  and  its  fossa  is  very  deep.  The  septa  are  unequal, 
exsert,  curved  above,  and  more  or  less  vertical  at  their  inner  edge ; 
they  are  marked  with  ridges  which  are  directed  inwards  and  up- 
wards, and  with  endothecal  ridges  crossing  the  first  kind.  The 
primary  septa  are  stout  and  very  exsert,  and  the  secondary  septa 
are  smaller  and  less  prominent ;  the  tertiary  septa,  after  their  union 
with  those  of  the  fourth  cycle,  are  very  stout,  and  reach  the  colu- 
mella ;  the  septa  of  the  four^  and  fifth  orders  join  the  tertiary 
about  halfway  to  the  columella.  The  columella  is  smaU  and  spongy, 
and  is  situated  very  deeply  in  the  fossa. 

Height  of  the  corallum  -^  inch.     Breadth  of  the  calice  ^  inch. 

Locality.  Hamilton  Tertiaries,  Victoria,  South  Australia. 

19.  Balakophyllia  armata,  n.  sp.     Plate  XXI.  fig.  3. 

The  corallum  is  subcjlindrical,  tall,  compressed  and  armed  with  a 
winglike  projection  immediately  above  either  side  of  the  base ;  the 
base  is  moderately  large,  and  presents  evidences  of  attachment  to 
some  substance  during  life ;  there  is  a  slight  constriction  nbove  the 
base.     The  epitheca  is  imperfect,  and  surrounds  the  corallum  here 
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and  there  in  wavy  lines.  The  costs  are  distinct,  wide>  equal,  and 
covered  with  spiny  granulations ;  they  are  more  or  less  continued 
over  the  small  lateral  winglike  projections.  The  calico  is  elliptical 
in  its  outline,  shallow,  and  with  a  sharp,  narrow,  and  slightly  cellular 
margin.  The  columella  is  large,  long,  and  spongy,  ^e  septa  are 
unequal,  not  exsert,  stout,  and  granular ;  there  are  four  cycles  of 
septa  in  six  systems,  and  tliere  are  a  few  septa  of  the  fifth  cycle  in 
some  systems.  The  septa  of  the  first,  second,  and  third  orders  reach 
the  columella ;  and  those  of  the  higher  orders  curve  towards  and 
meet  the  tertiary  midway  hetween  the  wall  and  the  columella. 

Height  of  coraUum  iX  inch.     Breadth  of  calice  |  inch. 

Locality,  Hamilton  Tertiaries,  Victoria,  South  Australia. 

20.  Balakophtllia  Sslwtni,  n.  sp.     Plate  XXI.  fig.  4. 

The  corallum  is  subcylindrical  and  slightly  compressed,  and  has 
a  large  hase  with  a  slight  constriction  ahove  it*  The  costae  are 
distinct,  flat  above  and  rounded  midway  and  below,  finely  granular 
superiorly,  and  marked  with  one  series  of  large  granules  inferiorly. 
The  epitheca  is  absent.  The  wall  is  moderately  developed.  The 
columella  is  large  and  long.  The  septa  are  very  stout.  There  are 
four  cycles  of  septa,  in  six  systems ;  and  the  higher  orders  unite  with 
the  tertiary  at  about  ono-fourth  of  the  distance  firom  the  wall  to  the 
columella.    The  calice  was  compressed  and  elliptical. 

Height  1  inch.     Greatest  length  of  the  calice  ^  inch. 

Locality,  No.  3,  Upper  "  Coralline  beds,"  near  Cape  Otway,  South 
Australia. 

21.  Balanofhtllia  fraoilis,  n.  sp.    Plate  XXI.  fig.  5. 

The  corallum  is  long  and  oonico-cylindrical  in  shape,  twisted  and 
curved.  The  epitheca  is  quite  rudimentary,  in  the  form  of  slight 
transverse  bands.  The  cost»  are  flat  and  marked  with  one  series  of 
small  distinct  sharp  spiny  granules,  or  with  a  ridge.  The  wall  is 
very  thin  and  hardly  cellular.  The  columella  is  very  small.  The 
septa  are  plain,  long,  slender  and  irr^^lar ;  the  higher  orders  unite 
with  the  tertiary  dose  to  the  walL  There  are  four  cycles,  in  six 
systems,  the  fifth  order  being  occasionally  absent.  The  endotheca 
is  tolerably  developed. 

Height  of  ooraUimi  |  inch.     Length  of  calice  |  inch. 

Locality.  Muddy  Creek,  Hamilton  Tertiaries,  South  Australia. 

22.  Balanophtlua  AUSTRALnENsxs,  Duncan.    Plate  XXI.  fig.  6. 
The  corallum  is  pedicellate,  long,  cylindrical,  tapering  and  curved. 

The  calice  is  eUiptidEj.  The  fossa  is  shallow.  The  septa  are  not 
exsert,  are  thin,  marked  with  arched  ridges,  and  there  are  four 
cycles,  in  six  systems,  with  a  few  laminsB  of  the  fifth  cycle.  The 
higher  orders  unite  with  the  tertiary  close  to  the  wall,  which  is  very 
thin«  The  columella  is  large.  The  epitheca  is  scanty,  and  surrounds 
the  corallum  at  certain  parts  only.  The  costss  are  vermiculate,  and 
slightly  spinate. 

Height  of  corallum  1 J  inch.     Length  of  calice  ^  inch. 

Locality,  Muddy  Creek,  Hamilton  Tertiaries,  South  Australia. 
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23.  BjkLAiropHTLLiA  CTLDfDBicA,  Michel.  Bp.,  variety  a.     Plate  XXL 

fig.  7. 

The  oorallam  is  c;ylindio-turbinate  and  carved  at  the  base,  which 
is  not  pedicellate,  but  sharp.  The  calice  is  large,  shallow,  and  very 
open.  The  epitheca  is  complete  and  covers  the  faintly  distingnish- 
able  oostad.  The  wall  is  moderately  stout  and  cellular.  The  columella 
is  moderately  developed.  The  septa  are  stout ;  and  there  are  four 
cycles,  in  six  systems  :  the  higher  orders  unite  with  the  tertiary  about 
midway. 

Height  of  corallum  -^  inch.    Breadth  of  calice  -^  inch. 

Locality.  No.  1,  H  mile  west  of  Cape  Otway. 

Variety  fi,  Ck)rallum  more  slender  and  columella  larger  than  in 
variety  a  ;  the  same  locality. 

24.  Balaitophtllia  TJlbichi,  n.  sp.     Plate  XXI.  fig.  8. 

The  corallum  is  cylindro-conical,  slightly  curved,  and  has  a  small 
peduncle  and  a  large  open  calice.  The  epitLeca  is  dense  and  complete 
inferiorly ;  but  above,  the  costse  are  uncovered  and  are  well  marked, 
equal,  rather  prominent,  separate,  and  finely  granular.  The  colu- 
mella is  small.  The  septa  are  slender ;  and  there  are  four  cycles,  in 
six  systems.     The  fossa  is  deep,  and  the  mai^^  thin. 

Height  of  corallum  -^  inch.     Breadth  of  calice  -^  inch. 

Locality.  No.  1,  li  mile  west  of  Cape  Otway,  South  Australia. 

25.  Balanophtllia  TUBTTUFOfiuis,  u.  sp.     Plato  XXI.  fig.  9. 

The  corallum  is  tall,  cylindrical,  and  tubular  in  shape.  There  is 
no  epitheca.  The  costsB  are  equal,  flat,  vermiculate,  and  separated 
by  distinct  spaces.  The  calice  is  circular  in  outline,  rather  less  in 
calibre  at  the  margin  than  elsewhere,  very  deep,  and  it  has  a  wide 
margin.  The  wall  is  stout  and  cellular.  The  columella  is  smaU, 
and  at  the  bottom  of  the  deep  fossa.  The  septa  are  stout,  and  very 
granular ;  and  there  are  four  cycles,  in  six  systems.  There  is  a  very 
slight  in-bending  of  the  higher  orders ;  and  the  septal  arrangement 
has  very  little  of  the  Eupsammian  t3rpe. 

Height  of  the  corallum  A^inch.     Breadth  of  the  calice  -^  inch. 

Locality,  Muddy  Creek,  Hamilton  Tertiaries,  South  Australia. 

26.  Amphihxlia  ikcbustans,  n.  sp.     Plate  XX.  fig.  6. 

The  corallum  is  flat  and  incrusting,  and  the  calicos  arise  like 
crateriform  proceeses.  The  upper  surface  is  irregular  and  marked 
with  wavy,  subequal,  bifurcating  costae,  which  pass  upwards  on  the 
outside  of  the  calice  more  or  less  obliquely.  The  calice  is  crateriform ; 
the  margin  is  sharp,  and  the  fossa  is  shallow.  The  septa  are  smaller 
than  the  costse,  and  not  exsert ;  there  are  three  cycles,  in  six  systems, 
and  a  few  orders  of  the  fourth  cycle.  The  columella  is  small  and 
projecting. 

Breadth  of  the  calice  ^^  inch. 

Locality.  No.  3,  Upper  "  Coralline  beds,"  near  Cape  Otway. 
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CoirofiioLiAy  Duncan. 

Coral  simple,  pedicellate,  conical.  Columella  formed  of  one  or 
more  twisted  laminae,  which  extend  from  the  hase  upwards.  £n- 
dotheoa  scantOy  developed.  Septa  apparently  with  simple  marg^ins, 
and  variable  in  r^;ard  to  the  number  of  the  primary. 

27.  CoNosxiLrA  eleoaks,  Duncan.     Plate  XX.  fig.  5. 

The  pedicel  is  large.  The  cost®,  equal,  sharp,  and  prominent  at 
the  base,  become  broad,  flat,  and  granular  above,  where  they  are 
separated  by  very  faint  lines.  The  columella  is  formed  by  one 
twisted  lamella,  and  occupies  much  space.  The  septa  are  in  eight 
systems  of  three  cycles.  There  are  eight  primary  septa  which  reach 
the  columella ;  the  secondary  are  smidler  and  reach  midway ;  and 
the  tertiary  are  very  small.  The  septa  are  nearly  plain,  are  as 
thick  at  the  columella  as  at  the  calicular  margin,  and  appear  to  arise 
between  the  cost®.     The  calice  is  nearly  circular. 

Height  ^  inch.     Breadth  of  calice  y^  inch. 

Locality.  Geelong,  Victoria,  South  Australia. 

28.  CoNosKUJA  anoxala,  Duncan.     Plate  XX.  flg.  10. 

The  coral  is  tall  in  relation  to  its  small  pedicellate  base.  The 
costse  are  not  prominent,  but  are  traced  by  the  faint  lines  which 
separate  them,  and  by  the  fine  herring-bone  pattern  which  marks 
each  of  them.  The  columella  is  large  and  strong,  and  consists  of  two 
twisted  ribandnshaped  laminae.  The  septa  are  in  eight  systems  of 
three  cycles ;  the  laminsB  are  sparely  granular ;  and  the  primary  are 
attached  to  the  columella  by  processes.  The  secondary  are  smaller 
than  the  primary,  and  their  inner  edge  is  wavy ;  the  tertiary  septa 
are  small.  The  septa  arise  between  the  costse.  The  endotheca  is 
sparely  developed.  The  wall  is  very  thin.  The  calice  is  slightly 
elliptical. 

Height  -fif  inch.     Greatest  breadth  -^  inch. 

Locality,  Hamilton,  Victoria,  South  Australia. 

29.  CoHosxiLiA  STRIATA,  Duucau.     Plate  XX.  fig.  9. 

The  coral  has  a  very  narrow  base,  and  does  not  expand  gradually. 
The  costse  are  very  broad,  have  marked  lines  between  them,  are  very 
flat,  and  have  wavy  transverse  markings  like  those  of  a  pellicular 
epitheca.  Septa  in  six  systems  of  three  cycles ;  the  primary,  which 
are  granular,  reach  the  columella,  which  appears  to  be  formed  by 
one  twisted  process.  The  septa  arise  between  the  costsB.  The  calice 
is  more  or  less  elliptical. 

Height  -^  inch.     Greatest  breadth  -f^  inch. 

Locality.  Geelong,  Victoria,  South  Australia. 

30.  CoNOSMiLiA  LiTUOLVs,  u.  sp.    Plate  XX.  fig.  11. 

The  corallum  is  horn-shaped,  long,  tapering  and  doubly  curved. 
The  pedicel  is  small.  The  body  is  marked  with  growth-rings,  and 
the  costsi  are  very  feebly  developed.     The  intercostal  spaces  are  in- 
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distinct  and  shallow,  and  are  marked  feebly  by  a  herring-bone  pattern 
of  the  pellicular  cpitheca.  The  calice  is  circular  in  outline^  and  the 
wall  is  very  thin.  The  colomeUa  if)  well-developed,  and  is  essen- 
tial and  fasdcnlar.  The  septa  are  in  eight  systems ;  and  there  are  three 
cycles  in  each  system.  The  margined  ends  of  the  septa  correspond 
to  the  intercostal  spaces.  The  primary  septa  are  the  largest,  and 
reach  the  columella;  the  secondary  and  tertiary  are  often  wavy, 
and  end  by  an  enlargement.     The  endotheca  is  moderately  deyeloped. 

Height  1  inch.     Breadth  of  calice  -^  inch. 

Locality,  No.  9,  three  miles  west  of  the  river  Gellibrand,  South 
Australia. 

31.  Ahtillia  lens,  Duncan.    Plate  XX.  fig.  12. 

Coral  in  the  shape  of  a  cydolite  FuTtgia ;  the  base  is  dreular  in 
outline,  nearly  flat,  the  concavity  being  very  slight.  The  epitheca 
is  pellicular  and  faint.  The  costee  are  seen  as  radiating  flat  eleva- 
tions, those  corresponding  to  the  smallest  septa  being  tibe  smallest. 
The  margin  of  the  base  presents  slightly  exsert,  equal  processes, 
which  are  the  septa.  The  upper  surface  of  the  coral  is  convex  and 
nearly  hemispherical,  the  depression  for  a  small  essential  columella, 
formed  by  processes  from  the  base  and  septal  ends,  being  slight. 
The  septa  are  in  six  systems  of  four  cycles ;  the  primary  and  se- 
eondary  septa  are  equal,  and  the  tertiary  are  nearly  as  large ;  those 
of  the  fourth  and  fifth  orders  are  somewhat  less :  aU  are  very  convex 
superiorly,  and  less  so  and  nearly  straight  externally.  The  laminss 
are  thin,  and  are  very  strongly  marked  by  sharp  ridges,  which, 
radiating  from  the  basal  part  of  each  septum,  are  more  or  less 
parallel,  and  give  at  the  free  margin  a  laterally  dentate  appearance. 
This  appearance  is  less  marked  in  the  smaller  septa.  There  is  often 
a  paliform  process  on  the  larger  septa  near  the  columella ;  and  the 
terminations  of  the  ridges  give  the  dentate  character  to  the  free 
mai^n  of  the  septa,     ^^e  endotheca  is  scanty,  stout,  and  inclined. 

Breadth  -A^inch.     Height  ^  inch. 

Locality,  Hamilton,  Victoria,  South  Australia. 

Y.   EsiiiLRKS  GS  THE  SpECEBS. 

GaryophyUia  viola  is  very  unlike  any  European  or  American  spe- 
cies of  the  genus.  It  differs  equally  from  the  fossil  forms.  It  has 
a  greater  resemblance,  as  far  as  shape  is  concerned,  to  the  PlewrO" 
eyaihi  of  the  German  Oligocene  than  to  any  other  corals ;  but  it  is 
evidently  a  GaryophyUia  with  a  papillary  columella  and  tall  pali. 
The  formation  of  the  columella  separates  it  from  the  other  species 
of  the  genus ;  and  it  exhibits  that  aberration  of  unimportant  struo- 
tures  which  is  so  frequentiy  observed  in  Australian  MoUusca  as  well 
as  Badiata.  Hitherto  no  GaryophyllioB  have  been  found  in  the  coral- 
seas  between  the  east  coast  of  Africa  and  the  west  coast  of  America. 
The  species  C.  viola  is  therefore  a  very  characteristic  fossil  of  a 
portion  of  the  Cainozoic  formation  of  South  Australia. 

The  Troehocyaihi  are  very  Unlike  any  other  species  of  the  genus  in 
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the  development  of  their  costee.  Thej  have  not  a  dose  affinity  with 
the  reoent  Trochocffoihi  of  New  Zealand ;  and  the  anbhemiBpherical 
form  somewhat  resembles  the  Miocene  species  of  Tortona  and 
India.  One  of  the  species  is  probably  the  "  Petraia  "  mentioned  by 
Mr.  WOkinson.  The  only  living  Trockoeyathi  are  found  off  New 
Zealand.  The  genua  culminated  in  the  Miocene  of  Europe;  and 
species  of  it  were  rare  in  the  West-Indian  deposits. 

DdtocycOkuB  italuuB  is  a  well-marked  form,  although  the  genus 
is  hardly  worthy  to  be  separated  from  TrochoeyaihuB,  The  shape 
and  ornamentation  of  the  corals  are  most  beautiful ;  and  they  form 
the  prettiest  of  all  the  miocene  Madreporaria  of  Europe.  Very  lately 
Count  Pourtales  dredged  up  many  specimens  of  dead  Ddtoey<Uhi  in 
270  fathoms  off  Havanna,  one  of  which  he  sent  to  me.  A  careful 
examination  of  the  Miocene,  West-Indian,  and  Australian  forms  leads 
to  the  belief  that  they  are  not  specifically  distinct,  and  that  no  one 
would  consider  them  other  than  varieties  if  the  localities  whence  they 
had  been  derived  were  unknown.  There  is  a  slight  difference  in 
shape,  but  nothing  at  all  specific ;  and  the  costse  are  more  moniliform 
in  one  and  more  spiny  in  another  specimen.  As  I  cannot  distinguish 
a  specific  difference,  I  have  called  the  Australian  form  ''  variety  atw- 
<ra2i«7UM;"  and  I  would  suggest  that  Pourtales's  Ddiocyaikus  Aga&sizi 
should  be  known  as  variety  Agauizi  of  the  species  italicut.  The 
DeUoeyaihi  are  small  forms  and  very  readily  passed  over ;  but  I  could 
not  find  any  amongst  the  collections  of  fossil  West-Indian  corals  I 
have  examined.  No  species  have  been  found  in  the  great  Coral 
ocean. 

The  SpTitnotroehi  of  the  Australian  Cainozdc  deposits  differ  from 
all  others  in  having  a  curious  notch  at  the  base.  In  one  species 
this  is  so  marked  as  to  produce  the  appearance  of  two  lateral  pro- 
cesses on  either  side  of  the  base.  They  present,  moreover,  an  ano- 
malous relation  between  the  septa  and  the  costse.  The  existing 
species  of  the  genus  are  found  around  the  S.W.  of  England  and  the 
Irish  coast ;  and  the  fossil  forms  are  to  be  distinguished  in  European 
Eocene  and  Miocene  strata  and  in  the  Crag.  ALL  these  have  the 
septa  continuous  with  the  costal  projections.  The  Australian  species 
have  the  septa  not  continuous  with  the  costse,  but  with  the  inter- 
costal spaces,  so  that  the  costse  are  on  the  outside  of  the  intorseptal 
spaces.  No  living  species  of  the  genus  have  been  found  in  the  great 
Cora]  ocean,  or  in  the  West  Indies.  The  alliance  between  the  genera 
Sphenotrockus  and  Hacotrochus  is  strengthened  by  the  discovery  of 
the  Australian  forms  of  the  former  genus. 

Conotroehus  is  a  genus  founded  upon  some  well-marked  Sicilian 
corals  by  Seguenza.  They  were  found  in  the  uppermost  of  the  so- 
called  Miocene  strata  or  the  "  Mame  Giallastre,"  which  are  below 
the  horizon  of  Flahellwm  sicUiense,  Edw.  &  H.  (lowest  beds  of  Older 
Pliocene).  The  generic  characteristics  are  those  of  a  Turbinolian 
without  pali.  The  corallum  is  simple,  fixed  when  young,  free  when 
old.  The  columella  is  fascicular  and  weU-developed.  There  is  a 
strong  epitheca.  The  shape  of  the  corallum  is  clavate,  turbinate, 
cjlindro-conical,  straight  or  curved. 
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The  only  Sicilian  species  is  Oanotrochus  typus^  Seg.,  a  most  yariable 
form.  M.  Seguenza  sent  me  a  collection  of  specimens  of  the  species, 
and  there  has  been  no  difficulty  in  determining  the  specific  identity 
of  the  Australian  and  Sicilian  forms.  The  second,  Australian  species, 
Conotrochus  M^Coyi,  di£fers  from  Canotrochus  typua  in  the  stoutness 
of  its  epitheca,  in  its  form,  and  in  its  small  calice  and  columella. 
The  genus  \&  not  represented  in  the  recent  coral  fEiunas  or  in  any 
strata  except  the  Sicilian  marl  and  the  Australian  Cainozoic. 

The  four  species  of  the  genus  Flabellum  found  in  the  Australian 
tertiary  deposits  are  very  remarkable.  Two  of  them  are  peculiar  to 
the  strata,  and  the  others  are  well-known  in  the  fetunas  of  the  Bed 
Sea  and  the  China  and  Japan  seas.  The  genus  is  large,  and  numbers 
about  fifty  species,  which  are  divided  into  those  with  a  very  small 
pedicel,  those  with  a  large  base  which  was  once  attached  (truncata), 
those  always  adherent  by  a  large  base,  and  those  having  root-like 
processes  of  epitheca. 

The  species  hitherto  recognized  in  the  fossil  condition  belong  to 
the  first  division ;  but  in  the  Australian  Tertiaries  two  of  the  truncate 
forms  are  found. 

The  recent  species  are  found  especially  in  the  great  Coral  ocean 
between  the  east  coast  of  Africa  and  the  west  coast  of  America. 
Many  are  found  in  the  Eed  Sea,  and  in  the  Chinese  and  Japanese  seas ; 
and  one  exists  olBf  the  coast  of  New  Zealand.  None  have  been  found 
in  the  West-Indian  seas ;  but  a  degenerate  form  lives  in  the  North 
Sea,  the  Bay  of  Biscay,  and  probably  in  the  Mediterranean.  The 
truncate  division  contains  many  species ;  and  those  whose  localities 
are  known  range  from  China,  the  Philippines,  and  Indian  Ocean  to 
the  Australian  coast  near  Hardy  Island.  The  division  with  a  small 
pedicel  had  a  species  in  the  Lower  Chalk,  many  in  the  £ooene  of 
Europe  and  America,  and  a  considerable  number  in  the  Miocene  and 
Pliocene  deposits  of  Europe.  The  species  found  in  the  Miocene  of 
the  West  Indies  were  two  in  number  only. 

FlaheUum  distinctuMi  which  is  found  in  two  of  the  beds  near  Cape 
Otway,  is  a  well-known  form  in  the  Bed  Sea  and  off  the  coast  of 
Japan.  With  FlaheUum  pavoninum,  Lesson,  of  Singapore  and  China, 
F,  extensum,  Michel.,  found  in  the  European  Miocene  and,  probably, 
Oligocene  strata,  F.  intermedium,  Edw.  &  H.,  from  the  Miocene  of 
Tortona,  and  F.  Basteroti,  Edw.  &  B.,  of  the  Faluns,  the  FlaheUum 
distinctum  forms  a  series  of  very  indistinctly  separable  species.  They 
are  all  probably  varieties  of  an  early  type,  and  are  not  worthy  of 
the  title  of  separate  species.  Finding  the  so-called  species  F.  di- 
stinctum in  the  Cainozoic  of  Australia,  and  in  the  sea  to  the  north- 
east, does  not  interfere  with  the  belief  that  all  the  forms  just  men- 
tioned have  lasted,  interrupted  only  by  slight  variation,  from  the 
Oligocene  up  to  the  present  time. 

Flahdlum  gambierense  is  a  pedicellate  form.  During  its  youth 
it  has  no  spines,  and  is  almost  daviform ;  but  with  age  it  grows  tall 
and  curved,  and  throws  forth  curiously  twisted  processes  of  epitheca. 
It  is  not  like  any  other  FldbeTlu^.  FlaheUum  Candeanum  and  F, 
Victories  are  the  fossil  truncate  species.     The  first  is  found  in  the 
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China  seas ;  and  the  last  is  closely  allied  to  snch  forms  as  the  recent 
F.  Stohesi  and  F.  crasmm ;  but  it  has  a  fiedr  specific  distinction  in  the 
developoient  of  its  septal  cycles.  Moreoyer  F,  Victaria  has  the 
peculiar  arrangement  of  the  septo-eostal  stnictures  mentioned  in 
treating  of  the  SphenoirochL 

Placotrochi  are  FlaheRa  with  an  essential  and  lamellar  columella ; 
and  there  are  species  mimetic  of  the  divisions  of  the  genus  FlaheUum. 
There  are  two  recent  species.  One,  P.  Candeamu  (China),  has  a 
pedicellate  base,  and  is  closely  allied  to  Placotrochtu  eUmgatus  from 
the  Australian  Tertiaries  ;  and  the  other,  P.  "Uxvib,  is  truncate,  and 
is  not  represented  in  the  fossil  state.  Placotrochtu  deltoideus  is  a  fine 
species,  and  is  very  characteristic  of  the  Australian  Tertiaries. 

The  genus  is  not  represented  in  any  European  formation ;  but  it 
has  four  species  ill  the  Miocene  of  Jamaica  and  San  Domingo.  It 
has  not  been  distinguished,  as  yet,  amongst  the  results  of  the  dredg- 
ings  off  Florida  and  Havanna.  The  West-Indian  species  are  very 
distinct  from  the  Australian,  and  have  only  a  generic  affinity  with 
the  Chinese  recent  forms. 

The  interesting  characters  of  PcdcBoseris  Woodsi  have  already  been 
noticed.  The  genus  is  allied  to  Turbinoseris,  Duncan,  from  the 
Lower  Greensand,  but  it  has  no  tertiary  or  recent  congeners. 

Cydoseris  Unms  is  closely  allied  to  Fungia  tenuis,  Dana,  which  is 
p^bably  a  Cycloseris,  The  thin  Cyclosendes  are  well-known  fossils 
in  the  nummulitic  rocks  of  the  S.  of  France ;  and  there  is  one  species 
in  the  Cenomanian.  The  recent  species  are  from  the  Philippines  and 
China. 

Amphihdia  tncrustans  is  closely  allied  to  A»  ventuta  of  the  Aus- 
tralian coast.  The  dwarfed  aud  incrusting  nature  of  the  coral,  and 
its  excessively  rare  calicos  and  great  amount  of  intercalicular  tissue, 
covered  with  costee,  distinguish  the  fossil  form  from  all  the  others  of 
the  genus.  The  Amphihdioe  range  from  the  Miocene  of  Sicily  to  the 
recent  deposits  in  the  deep  sea  of  tiie  N.E.  Atlantic,  where  the  earliest 
species  still  exists.  Recent  investigations  into  the  affinities  of  the 
Oculinidse,  which  are  not  yet  finished,  lead  me  to  expect  that  this  Au- 
stralian fossil  form  is  most  closely  allied  to  some  from  the  Atlantic. 

The  most  interesting  of  the  corals  from  the  Cainozoic  deposits  of 
South  Australia  are  t&e  Conosmilias,  It  is  a* genus  perfectly  Aus- 
tralian in  its  abnormalities.  A  simple  coral  with  a  pellicular  epi- 
theca,  having  a  beautiful  herring-bone  ornamentation,  with  an  essen- 
tialy  twisted,  ''  s^rialaire "  columella  with  endothecal  dissepiments, 
and  with  plain  septa,  which  have  the  hexameral  arrangement  in  some 
and  the  octomeral  in  others,  is  a  form  containing  the  elements  of 
several  dassificatory  series.  The  irregular  septal  arrangement  amongst 
the  closely  allied  species  may  be  considered  to  depend  upon  atavism. 
Such  octomeral  cyclical  arrangements  occurred  in  some  genera  in  the 
Lower-Greensand  period  and  during  the  Oolites.  Some  of  the  Liassic 
Mondivaltias  clearly  reflected  this  rugose  peculiarity;  and  M,  Euperti, 
Duncan,  had  a  quaternary  cyclical  arrangement.  It  is  remarkable 
that  the  septo-costol  peculiarity  already  mentioned  as  occurring  in  the 
Australian  Flahellum  Victoria  and  in  the  two  species  of  Sphenotro^ 
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cAtM,  sliould  be  notioed  in  all  tiie  species  of  Conosmilia.  The  con- 
tinaation  of  the  septa  and  ooat»  is  likewise  wanting  in  some  liasdc 
MonilivakuBf  and  in  many  simple  Bngosa.  The  importance  of  the 
Conoamilim  can  hardly  be  estimated  at  present ;  but  it  is  evident  they 
are  very  synthetic  forms,  occurring  late  in  the  coral  faunas  of  the 
world.  The  genus  ffaphphtflUa,  Pourtales,  whose  solitary  species 
were  dredged  in  324  fathoms  off  the  Florida  reef,  has  a  styliform 
columella  and  an  octomeral  arrangement  of  the  septa.  There  are 
no  endothecal  dissepiments. 

AntUlia  lens  is  a  discoid  form,  representing  the  discoid  MontU- 
vaUioB  in  this  genus,  which  differs  from  that  celebrated  Mesozoic  one 
by  having  a  distinct  columella.  The  genus  is  well  represented  in 
the  West-Indian  Miocene ;  and  there  are  fossil  species  in  the  Arabian, 
8indhian  and  Travanoore  Miocene.  I  have  lately  seen  a  recent  An- 
tiUia  from  Batavia.  Nevertheless  A,  lens  is  the  only  discoid  form, 
and  is  very  beautiful  and  characteristic. 

The  eight  new  species  of  BaUmophyUia^  and  that  already  known  as 
a  form  from  the  Miocene  of  Tortona,  give  a  very  Falunian  and  Crag 
facies  to  the  Australian  corals  as  a  whole,  especially  as  there  are  no 
recent  species  known  in  the  seas  around.  There  are  recent  species  in 
the  Philippines  and  dose  to  the  American  continent  at  Panama ;  but 
they  are  not  amongst  those  found  in  the  Australian  tertiaries. 
Forming  a  large  proportion  of  the  fossil  fauna,  the  BalanophyHim 
stamp  tiie  deposits  with  a  definite  character  as  regards  the  depth  at 
whidi  they  occurred;  and  this  is  rendered  almost  certain  by  the 
bathymetrical  disposition  of  the  genera  OaryophyUia,  Fldbellum, 
Placotrochus,  Sphenotrochus^  and  Amphihelia,  The  northernmost 
Faluns  contain  vast  quantities  of  BalanopihylUce  (not  of  species),  a  Fla- 
beUum  and  Sphenotrochi ;  and  there,  as  in  the  Australuui  Tertiaries, 
every  gradation  of  sea-depth,  from  the  abyss  to  low  spring-tide  mark, 
is  represented  by  species. 

The  Australian  BalanophylUm  are  as  peculiar  as  most  of  the  other 
corals,  and  are  very  characteristic.  I  cannot  distinguish  between 
one  form  and  B.  itaUca^  a  well>known  Italian  Miocene  species. 

VI.    LOCIUTIBS. 

The  strata  numbered  No.  1  by  Mr.  Selwyn,  and  wMcb  are  1^  mile 
west  of  Cape  Otway,  contain : — 

Flitbellimi  distmctum,  Edw.  ^  H.  Balanophyllia  ejlindrica,  Michel,  sp., 

ClonotrochuB  M'Ooyi,  Duncfm.  var. 

DeltoojathuB  italions,  Ediw,  ^  H.^  var.      Ulriohi»  Bunetm, 

Bed  No.  3,  of  the  Upper  "  Coralline  deposits,"  Cape  Otway,  con- 
tains:— 
Amphihelia  incnutans,  Duncan.         |    Balanophyllia  Selwyni,  Duncan, 

No.  4,  Clay  bed  near  Cape  Otway,  with  2Vu/onta  semiundulatay 
contains : — 
Flabellum  gambierense,  Duncan,      I    Placotrochus  elongatus,  Duncan, 
d\tAASi(^xim,Edw.if  H.  \    Balanophyllia  campanulata,  i>»fi<wfi. 
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No.  7  bedy  2|  miles  east  of  the  river  Gellibr^d,  contains  : — 

TroohoeyathuB  mendiona]i8,i>tiiican.  I    Cjcloflem  tenuis,  Duncan. 
•—  Victoria,  Duncan,  \ 

No.  9  bed,  3  miles  west  of  the  river  Gellibrand,  contains : — 

Conotroohiu  tyvuM,  Seguetuea.  I    Fla4)otrochu8  deltoideuB,  Duncan, 

FUbellaxn  Candeanum,  Edw.  8^  H.     \    Conoemilia  lituoliu,  Duncan, 

The  Monnt  Qambier  tertiaries  contain 

Flabellam  gambierense^  Duncan. 

The  Hamilton  tertiaries,  Muddy  and  Yiolet  Greeks,  the  Murray 
tertiary  deposit,  and  that  of  the  banks  of  the  Geelong,  equivalent 
£Drmationa,  contain : — 


Conoemilia  anomala,  Duncan. 

striata,  Duncan. 

Antillialens,  Duncan. 
Balanophyllia  serainuda,  Duncan. 

armata,  Duncan. 

—  tubuliformis,  Duncan. 

fragilia,  Duncan, 

—^  auatnlknais,  Duncan. 


Garyophyllia  Tiola,  Wood  4"  Duncan. 
Sphenotrochus  aostralis,  Duncan. 

enudsas,  Duncan. 

Flabellum  Victoria,  Duncan. 

Candeanum,  Edw,  4'  ^* 

PlacotrodiiiB  elongatus,  Duncan. 

deltoideos,  Duncan. 

Palaoeeris  Woodsi,  Duncan, 
Gonosmilia  el^gans,  Duncan. 

No.  3  of  the  Gape  Otway  series  =  '^  Mount  Gambier  coralline 
limestones  ;**  and  both  are  deepHsea  sediments. 

No.  1  of  the  Cape  Otway  series  is  probably  the  oldest  of  the  beds ; 
and  Nos.  4,  7,  and  9  are  the  equivalents  of  the  Hamilton  coral-beds, 
described  by  the  Rev.  Mr.  Woods.  They  are  deposits  which  were 
formed  in  shaUower  water  than  the  **  coralline  limestones,"  during  a 
period  of  subsidence ;  they  were  covered  as  the  subsidence  persisted 
by  the  deep-sea  coralline  limestones  or  their  equivalents. 

YII.  The  jojansa  CoBAir-FAirirA  of  xhe  Attstsaxjait  and 
KBieHBouBiira  seas. 

The  existing  coral-fauna  of  the  Australian  seas  is  tolerably  rich  in 
species,  even  if  the  forms  from  the  great  reefs  to  the  north  and  north- 
east be  omitted.  The  New-Zealand  seas,  and  those  around  Tasmania 
and  the  soutb  coast  of  Australia,  contain  many  genera  and  species ; 
and  a  comparison  of  them  with  the  fossil  forms  is  necessary.  The 
following  is  a  list  of  the  species ;  but  it  does  not  contain  the  true 
reef-building  forms  of  the  tropical  seas  to  the  north,  north-west,  and 
north-east  of  Australia,  as  thay  are  not  within  the  scope  of  this 
essay,  no  reef-building  species  having  been  found  in  the  tertiaries : — 

Troobocyathus  hexagonalis,  MantdL    \     New  Zealand :  recent  and  raised 

Mantelli,  Mw.  f  M,  j  beaches. 

ConooyalhuB  sulcatus,  D  Orb.    Port  Jackson :  Oligooene,  Mayenoe. 
FlabeUum  &ffine,  Edio,  ^  H.    Australian  coast 

rubrum,  Quoy  if  Oamard,  sp.    New  Zealand :  35  fathoms. 

Amphihelia  Tenusto,  Edw.  f  S*    Australia. 
Stylaster  gracilis,  Edw.  4*  6.    Australia. 

>  sanguineus,  Edw.  j"  H.    Australia. 

granuloeus,  Edw.  4'  H,    Australia. 
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EuphjUia  glabreeoeiu,  Chamisao,  sp.    Australia. 

Isophyllia  australiB,  Eiw.  f  H-    Port  Lincoln. 

Fafia  Bowerbonki,  Valenciennes,  sp.     Australia. 

Crphasferflea  microphthalma,  Lamk.  sp.,  Australia. 

Pleuaatraa  Urvillei,  Edw,  f  H,    King  George's  Sound :  in  shallow  walar. 

Peronif  Edw.  f  H.    Australia. 

Prionastrsa  australiensis,  Edw,  ^  H,    Australia. 
Cylioia  rubeola,  Quoy  4"  Gmnutrd,  sp.    New  Zealand. 

tenella,  liana,    Australia. 

Yerreauxi,  Edw.  ^  H.    Australia. 

Smithi,  Edw.  ^  H.    New  Zealand. 

Ecfainopora  rosularia,  Lamk.  sp.    Van  Piemen's  Land. 
Merulina  ramoea,  Ehrenberg,    Australia. 
Poljplijllia  pelvis,  Quoy  j-  Gaimard.    New  Zealand. 
Meandroaens  Australife*  Bouneau,  sp.    Australia. 
Dendrophyllia  axifuga,  Edw.  ^  H,    Port  Essington. 
CKnopsammia  coocinea,  Leeton^  sp.    New  Zealand. 

Uaimardi,  Edw,  SrH.    New  Zealand. 

Urrillei,  Edw.  Sf  H.    New  Zealand. 

aurea,  Quoy  Sf  Gaimard,    King  George's  Sound  and  Port  Jackson. 

Pontes  Gaimarm,  Edw.  4*  H.    Australia. 
Ehodaraea  oalicularis,  Lamk.    Australia. 


VIII.    TaBLB  of  SfBCJBS  and  THBIB,  I>I8TRrB17TIOK. 


Cbiyophjllla  Tiola 

IVAohoejathiu  meridionalis 

ViotoriK 

neUopjathns  iUliout  (var.) 


SpheBotroohna  anatralis  . 

exoisua 

Conotrochna  M*Coji 

tJPM    


Flab«llam  Yictori*  . 

gambierei 

Caodeann 


Plaootroohiu  elongatoi  

daltoideiis  

Amphihelia  incnutana    

Palsoaeria  Woodai  

CfdoMria  tennia  

Conoemilia  elegaas   

Utoolua   

anomala 

striata 

AntiUialent    

Balaaophfllia  oampannlata 
teminQda    


-  tabaliformia  . 


fraffilia. 

auatnli< 


-Selwyni 
-qyHndrioa(tar.) 

-  Ulriohi    


Miocene 
Europe. 


Old  plio- 
cene. Si- 
dlj. 


Carib. 
bean. 


China 

Bedl 
ftJ^Mn. 


...» 


Miocene 
Tortona. 
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IX.  G0NCLT78X0K. 

When  the  list  of  the  foesil  oorals  of  the  AuBtralian  tertiaries  is 
compared  with  that  of  the  forms  living  in  the  Australian  and  New- 
Zealand  seas,  it  becomes  evident  that  none  of  the  recent  species  aru 
represented  in  the  Cainozoic  strata.  Of  the  twenty  genera  now 
existing  aronnd  Australia,  out  of  the  immediate  vicinity  of  coral- 
reefs,  only  three  had  species  in  the  Tertiaries.  ISroehoet^athus,  Fla- 
beUum,  and  Amphihdia,  very  world-wide  genera,  were  represented 
in  the  tertiary  strata  by  species  which  were  very  distinct  firom  those 
now  inhabiting  the  South- Australian  and  New-Zealand  seas.  The 
species  which  have  been  found  as  fossils,  and  which  still  exist  in  the 
Chinese,  Japanese,  and  Bed  Seas,  are  FlabeUum  Candeanum,  and  F. 
disHndum.  The  Chinese  Flacotrochus  Candeanua  is  very  closely 
allied  to  P.  dangatus  from  the  Hamilton  tertiaries  and  Cape  Otway, 
and  the  DeUocyathui  is  equally  so  to  a  West-Indian  recent  species. 
The  alliance  of  the  coral  &unas  of  tho  Australian  Tertiaries  and  of 
the  surrounding  coral  seas  is  thus  very  slight ;  and  the  recent  species 
have  not  been  found  in  the  uppermost  of  the  Tertiaries.  There  are 
three  species  common  to  the  Australian  and  the  European  Cainozoic 
deposits ;  so  that  the  alliance  of  the  Australian  fossil  fauna  is  as  great 
with  the  European  Cainoioic  fauna  as  it  is  with  that  of  the  corals  of 
the  tropical  seas  to  the  north-east.  There  is  a  well-marked  species 
of  the  Lower  Miocene  or  Oligocene  of  Mayence,  still  living  in  Port 
Jackson,  but  it  has  nOt  been  found  in  the  tertiary  deposits  dose  by. 

The  fossil  fauna  now  under  consideration  cannot  be  satisfactonly 
compared  with  any  others  with  tiie  view  of  determining  a  geological 
relationship.  The  bulk  of  the  species  are  peculiar,  and  such  genera 
as  ConctmUia  and  PdUjBoseris  are  very  characteristic.  Their  species, 
as  well  as  the  Australian  CaryophylUoB^  Trochoeyalhi^  and  /^A«no- 
troehij  present  those  anomalies  whidi  appear  to  distinguish  the  forms 
of  the  New-Holland  fauna.  The  presence  of  the  Italian  species 
Conotroehui  typus^  and  of  the  Tortonese  BalanophyUia  eylindriea  and 
DeUoeycUkus  italicus,  in  the  Australian  Tertiaries  is  quite  in  keeping 
with  tiie  well-known  dispersion  of  the  Maltese  and  Bund  corals 
and  Echinodermata. 

The  corals  of  the  Australian  Tertiaries  are  very  characteristic.  They 
were  not  reef-builders,  but  forms  which  tenanted  the  sea-bottom, 
from  low  spring-tide  mark  to  the  depth  where  Polyzoa  abound.  The 
species  of  the  different  beds  have  so  great  a  general  and  exact  re- 
semblance, that  they  do  not  offer  evidence  of  any  great  biological 
changes  having  occurred  during  the  deposition  of  the  whole  of  the 
fossiliferous  tertiary  sediments.  It  is  therefore  not  consonant  with 
the  rules  of  classificatory  geology  to  subdivide  the  sediments  into 
such  series  as  Oligocene,  Lower,  Middle,  and  Upper  Miocene,  and 
Pliocene,  which  for  the  most  part  have  very  distinct  faunas  in  the 
European  area.  The  diagnosis  of  the  age  of  the  tertiary  deposits 
by  the  percentage  system  cannot  as  yet  be  applied  to  the  Australian 
sedimentary  beds,  in  consequence  of  the  MoUusca  not  having  been 
sufficiently  studied ;  and  tho  comparison  between  the  existing  Austra- 
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Han  coral  fauna  and  that  of  the  Tertiaries  would  give  a  much  older 
geological  age  to  them  than  is  warranted  by  the  physical  geology  of 
the  area.  During  the  deposition  of  the  Tertiaries  there  was  much 
disturbance  in  the  currents  and  constant  alterations  in  the  depth  of 
the  coralliferous  sea,  whose  bottom  and  shores  were  formed  by  the 
Silurians,  old  basalts,  and  carbonaceous  sandstones  of  Victoria.  The 
conglomerates  and  pebbly  sandstones  were  of  course  formed  during 
different  marine  conditions  from  those  which  existed  during  the 
deposition  of  the  days  and  clayey  sands.  As  the  depth  increased 
during  the  subsidences  which  evidently  followed  every  basaltic  out- 
pouriiig,  the  calcareous  element  mingled  with  the  wash  down  from 
the  land,  and  finally  it  increased  to  such  an  extent  that  it  encroached 
upon  the  area  formerly  occupied  by  littoral  deposits,  and  even  in 
some  places  covered  the  rocks  whose  denudation  had  produced  the 
conglomerates. 

There  were  temporary  upheavals  during  this  general  subsidence ; 
and  the  leaf-beds,  with  their  associated  clays,  bear  testimony  to 
them.  The  relations  of  leaf-beds,  days,  gypsum,  and  basic  sulphate 
of  iron,  so  frequently  observed  in  Europe,  are  repeated  in  the  Aus- 
tralian deposits.  The  metamorphosis  of  some  of  the  original  con- 
tents of  these  vegetable-bearing  clays  into  gypsum,  and  the  gradual 
solution  of  the  latter  by  the  natural-drainage  waters,  may  account 
for  the  irregular  bedding  of  the  Cape-Otway  fossiliferous  Tertiaries, 
contortion  following  the  depression  incident  upon  the  gradual  removal 
of  the  salt  of  lime.  The  tertiary  deposits  were  not  subjected  to  any 
other  alterations  in  their  relative  level  than  those  of  the  most  local 
kind.  There  were  none  of  the  phenomena  of  uptilting  and  crumpling 
which  occurred  in  the  tertiary  deposits  of  the  West  Indies,  Southern 
Europe,  and  Sindh ;  and  one  fauna  did  not  collect  around  the  ruins 
of  those  which  had  been  antecedent  to  it. 

It  is  reasonable  to  admit,  espedally  when  the  long  duration  of 
the  time  which  was  occupied  by  the  formation  of  the  series  over  the 
fossiliferous  deposits  is  considered,  that  whilst  the  vast  central  area 
of  Australia  was  a  sea,  there  was  open  water  to  the  north,  with  reefs 
in  the  Java  district  and  corresponding  formations  opening  into  what 
is  now  the  Mediterranean  and  the  Sahara  to  the  north-west.  The 
Indian  peninsula,  and  the  area  now  occupied  by  the  Himalayas  and 
stretching  &r  away  to  the  east,  were  not  part  of  a  great  continent ; 
and  their  marine  b^cts  equalled  the  terrestrial  in  magnitude.  The 
greater  part  of  the  American  continent  was  submerged,  and  the 
Caribbean  sea  was  a  coral  area.  Where  was  the  bulk  of  the  land 
when  the  coral-sea  stretched  round  the  tropics  ?  It  could  only  have 
been  to  the  extreme  north  and  south.  New  Zealand  and  South 
Australia  were  therefore  bounded  to  the  north  by  a  coral-sea,  and 
to  the  south  by  the  deep  ocean,  as  now.  So  fSar  as  the  coral-fauna  is 
considered,  this  separation  of  the  Australian  sea  from  the  European 
area  by  a  coral  tract  inhabited  by  a  distinct  fauna,  which  could  only 
exist  under  conditions  very  diverse  from  those  witnessed  in  Victoria, 
is  explanatory  of  the  comparative  isolation  of  the  remote  assemblages 
of  species,  supposing  them  to  have  existed  during  the  same  geolo- 
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gical  period.  The  enormous  range  of  deep-sea  corals  is  now  admitted ; 
and  it  is  certainly  very  remarkable  that  so  few  of  them  should  have 
become  common  to  the  European  and  AuBtralian  tertiary  deposits. 
The  absence  of  any  littoral  connexion  between  Australia  and  the 
tracts  to  the  north  of  it  during  the  whole  of  the  tertiary  period,  and 
the  remoteness  of  the  south  of  its  area  from  any  great  centres  of  fre- 
quent terrestrial  osdilations,  may  explain  the  persistence  of  type 
which  is  so  characteristio  of  a  lai^  portion  of  its  fauna  and  flora*. 
This  persistence  was  infinitely  less  in  Europe,  on  account  of  the  more 
frequent  changes  in  the  physical  geology  of  its  area,  such  changes 
inducing  emigration  of  some  forms,  unusual  competition  with  others, 
and  occasional  free  scope  for  rapid  multiplication.  Hence  the  distant 
and  comparatively  quiet  area  of  Australia  was  tenanted  by  the  same 
species,  whilst  vast  biological  and  geological  alterations  took  place 
in  the  area  which  was  formerly  considered  the  type  by  which  all 
others  could  be  compared. 

The  permanent  upheaval  of  the  central  and  northern  area  of  Aus- 
tralia, the  extinction  of  its  volcanoes,  and  the  change  in  its  coral 
fauna  were  grand  phenomena.  Considering  that  a  relatively  identi- 
cal age  is  given  to  the  great  upheavals  of  the  Alps  and  Himalayas, 
there  is  some  reason  for  asserting  that  the  AustrsJian  and  New-Zea- 
landic  upheaval  was  more  or  less  synchronous  with  them,  with  the 
closure  of  the  Isthmus  of  Panama,  and  with  the  depression  of  the 
areas  on  either  side  of  the  American  continent. 

The  denudation  which  occurred  during  the  upheaval  of  the  Aus- 
tralian area  was  enormous,  and  it  is  to  be  estimated  by  the  extent  of 
the  unfossiliferous  deposits  which  cover  the  fossiliferous  marine  Ter- 
tiaries.  There  are  no  proofs  of  any  glacial  phenomena  in  Australia; 
and  subaerial  denudation  probably  went  on  during  the  whole  of 
that  vast  period,  and  has  continued.  The  whole  of  the  paying  goldr 
drifts  were  formed  after  the  deposition  of  the  marine  fossiliferous 
strata ;  and  thus  the  sandy  ferruginous  days,  coarse  pebble-grits,  and 
hard  ironstone  cements  and  conglomerates,  together  with  the  lava- 
plains  to  the  north  of  Cape  Otway,  are  younger  than  the  Mount- 
Gambier  polyzoan  limestones.  Above  these  latter  deposits  are  great 
beds  of  blown  sand,  dunes,  lacustrine  formations,  raised  beaches,  and 
estuarine  deposits.  There  are  some  lignites,  shelly  an^  siliceous 
sands,  and  volcanic  ashes  between  these  two  series,  which  attain  the 
height  of  130  feet  at  the  mouth  of  the  river  Gellibrand. 

These  remarks  will  have  prepared  us  for  a  condemnation  of  the 
terminology  usually  employed  by  Australian  geologists.  I  would 
suggest  that  the  word  Tertiary  should  be  only  used  relatively  in 
Australian  geology,  and  that  the  strata  (so  ably  mapped  by  the  sur- 
veyors) which  are  above  the  carbonaceous  sandstones  should  be 
called  Cainozoic  The  term  Lower  Cainozoic  would  refer  to  all  the 
deposits  beneath  the  Mount-Gambler  series,  the  Middle  to  that  de- 
posit, and  the  Upper  to  all  above. 

It  would  be  as  weU  not  to  establish  a  too  local  terminology ;  for 

*  The  nUndn  of  Papua  and  (o  the  south  of  the  Straits  of  Bali  were  probably 
connected  with  Australia  at  this  time. 
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sooner  or  later  the  cainozoio  deposits  of  New  Zealand,  whieh  attain 
probably  a  greater  magnitude  in  depth  than  those  of  Australia,  will 
be  found  to  render  t£e  establishment  of  a  great  southern  scries 
neeessarj. 

The  Tertiaries  of  the  North  Island  of  New  Zealand  must  be  studied 
in  relation  to  those  of  Australia.  The  great  development  of  ter- 
tiary limestone  between  the  Kangetoto  range  and  the  west  coast  of 
the  North  Island  of  New  Zealand  requires  careful  examination, 
especially  as  regards  its  fossils.  Its  relation  to  the  lignites  of  what 
Hochstetter  has  called  the  Auckland  Tertiaries,  has  been  satis&ctorily 
determined ;  and  by  a  comparison  of  the  fossils  with  those  fiom  the 
Gape-Otway  series  a  sufficiently  satisfactory  equiyalency  might  be 
established ;  so  that  a  local  terminology  could  be  agreed  upon,  without 
binding  geologists  to  the  inevitable  results  of  the  adoption  of  the 
European  classification  of  the  succession  of  deposits  during  the  ter- 
tiary period. 

The  poly2oan  limestones  of  the  North  Island  of  New  Zealand  were 
probably  the  equivalents  of  the  Mount-Gambier  deep-water  deposits. 
As  yet  no  reef-building  forms  have  been  discovered  in  them. 

^e  equivalency  of  all  the  cainozoic  deposits  described  and  noticed 
in  this  communication  is  probably  as  follows.  The  lowest  bed,  No. 
1,  J  mile  west  of  Cape  Otway=thc  gravel-  and  boulder-deposit,  and 
the  old  basalt  of  the  inland  valleys.  Next  in  succession  is  No.  9, 
3  miles  west  of  the  river  Gellibrand,  and  then  No.  4,  clay-bed  near 
Cape  Otway,  with  Trigonia  semiundulata.  Noe.  9  and  4= the 
Hamilton  tertiaries,  the  Geelcmg  and  Murray  beds,  below  the  so- 
called  coralline  limestone  (with  hardly  a  coral  in  it,  but  plenty  of 
Polyzoa).  Polyzoan  limestone  of  Mount  Gambier=No.  3,  near 
Cape  Otway.  It  often  becomes  more  sandy  as  it  overlaps  the  infe- 
rior but  really  contemporaneous  deposit's. 

There  are  no  neighbouring  areas  with  whose  strata  these  can  be 
correlated.  The  tertiary  formation  of  Java  has  been  magnifioentiy 
illustrated,  so  far  as  its  corals  and  Echinodormata  are  concerned,  by 
Beuss  and  Herklots ;  but  it  was  deposited  under  the  conditions  pecu- 
liar  to  a  reef-area.  The  fossil  corals  were  reef-building,  and  had 
the  old-fashioned  facies  which  is  characteristic  of  the  Australian 
fauna. 

The  palocontology  of  the  coral  limestones  of  the  coasts  of  the  great 
islands  to  the  cast  of  New  Holland  is  a  blank ;  and  even  the  great 
raised  reefs  of  the  Sandwich  Islands  have  not  been  studied.  The 
Caribbean  tertiaries  have  hardly  anything  in  common  with  the  Austra- 
lian, and  were  deposited  in  a  reef-area.  With  these  considerations 
and  facts  before  us,  the  necessity  for  a  critical  examination  of  the 
New-Zealand  Tertiaries  becomes  most  urgent. 

At  present  all  that  can  be  arrived  at  concerning  the  relative  posi- 
tion of  the  Australian  fossiliferous  Tertiaries  and  their  physical  geology 
may  be  quickly  summed  up.  They  were  formed  on  a  sea-bottom  of 
the  oldest  rocks,  in  increasingly  deep  water,  during  a  period  when 
the  denudation  of  the  neighbouring  coast-line  to  the  east  and  north- 
oast  was  rapid.    They  were  very  distant  from  the  reef-area  of  the 
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period ;  and  the  physical  conditions  of  saoh  an  area  were  never  pre- 
sent during  the  deposition  of  the  Madreporarig,  Polyzoa,  Echinoder- 
mata,  and  Molinscay  which  have  a  fiudes  diaracteristic  of  all  the  Euro- 
pean marine  tertiary  deposits  above  the  Nummnlitic.  They  were 
subjected  to  frequent  volcanic  outbursts,  which  covered  lai^  areas 
witifi  basalt  and  ash,  and  they  were  covered,  after  the  general  up- 
heaval of  the  centre  of  Australia,  with  lacustrine,  dune-,  river-,  and 
torrent-deposits,  whose  depth  testifies  to  the  enormous  denudation 
of  the  older  rocks.  The  condition  of  the  high  land  on  the  extreme 
east  and  west  of  Australia  was  probably  that  of  dry  land  during 
the  whole  Cainozoic  period ;  and  those  districts  bounded  the  terti- 
ary sea. 

EXPLANATION  OP  PLATES  XIX-XXI. 

Plate  XIX. 
Fig.  1  a,  CaryophyUia  viola,  Dunoan  and  Woods,  X  2 ;  lb,  calioe,  magnified ; 
1  c,  oostie. 

2  a,  Thfckocyatkus  nteridionalis,  sp.  n.,  X  2 ;  2  b,  caXioe,  magnified ;  2  c, 
ooetn. 

3  a,  Troehocyathwi  Victoria,  sp.  n.,   X  2 ;  86,  calice,  magnified ;  3  c. 


4  a,  DeUoeyathu9  iialicua,  Edw.  &  U.,  var.  ausiraliensia,  calioe,  magnified ; 

4  b,  base,  magnified ;  4  e,  oost»,  magnified. 

5  a,  Spkenotrocnus  austraUa,  Duncan,  X  2 ;  5  6,  oalice,  magnified. 

6  a,  l^ienotrochus  excisus,  Duncan,  x  2 ;  06,  oJioe,  magnified ;  C  e,  por- 
tions of  oalicular  margin,  magnified,  to  show  relative  position  of  cosioi 
and  septa. 

7  a,  Conotrochua  APCoyi,  sp.  n.,  X  2 ;  7  b,  calice,  magnified. 

8  a,  Conotrochus  tvpua,  SegiL,  yar.  ausiraliensia,  X  2 ;  8  b,  calioe,  mag- 
nified ;  8  €,  epitheca,  magnified. 

9,  Flabellum  gambirense,  Duncan,  x  2. 

10a,  The  same,  X  2;  106,  calioe,  magnified;  10 c,  epitheca,  magnified. 

11,  Flabeilum  Victorue,  Duncan,  X  2. 

Plate  XX. 
Fig.  1  a,  Flabellum  Candeanum,  Edw.  &  H.,  nat  size ;  1  b,  calioe,  magnified ; 
1  c,  base  of  oorallum,  magnified ;  1  d,  side  view  of  a  septum,  magnified. 
2,  Flabellum  distinctum,  Edw.  &  H. 

3  a,  Placotroehus  elongatua,  Duncan,  slightly  enlarged ;  3  b,  calice,  mag- 
nified; 3  c,  peduncular  extremitj,  magnified. 

4  a,  Macotroeiut  deltaideus,  Duncan,  nat.  size ;  4  b,  columella  and  septa, 
magnified. 

5,  Conoemilia  eUgans,  Duncan,  enlarged. 

6,  AmpMheUa  incnutane,  sp.  n.,  enlarged. 

7  a,  PaiaoaeH$  Woodai,  Duncan,  enlar^ ;  7  b,  septa,  magnified,  showing 

qrnu)ticula!. 
8,  CyctoeeriB  temuis,  sp.  nov. 
9a,  Conotmilia  striata^  Duncan,  enlarged;  96,  calice,  magnified ;  do, 

epitheca,  magnified. 

10  0,  Qmoemilia  anomala,  Duncan,  nat  size ;  10  6,  calice,  magnified ; 
10  e,  upper  part,  magnified,  showing  columella  and  endotheos. 

11  a,  Conoamuia  lituolus,  sp.  n.,  enlarged ;  11 6,  calioe,  magnified. 

12  a,  Antillia  lens,  Duncan,  septa,  magnified ;  12  6,  side  view  of  septum. 

Plate  XXI. 
Fig.  1  a,  Baianophyllia  campanulata,  sp.  n. ;  16,  part  of  calice,  mognified ; 
1  c,  ooBtte,  magnified. 
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Fig.  2  a,  BalanophjfUia  •emmvda,  ap.  n.,  enlarged  2  diams. ;  2  b,  part  of 
calioe,  magniBed. 

3  a,  BalanophyUia  armata,  ap.  n.,  enlarged  2  diaina. ;  3  b,  part  of  calioe, 
magnified;  3  c,  coaUe,  magnified 

4  a,  BaUmophyllia  Selwyni,  sp.  n.,  slightly  enlarged ;  4  b,  pert  of  calico, 

magnified. 

5  0,  SalaiumhifUia  fragUu,  ap.  n.,  part  of  calioe,  magnified ;  5  b,  ooatae, 
maffnifiea. 

6  a,  SaianophyUia  auMhrcUeruU,  Duncan,  enlarged  2  diama. ;  6  6,  part  of 
calioe,  m^piified ;  6  c,  coetae,  magnified. 

7  a,  Bcianophyttia  eylindriea,  MidieL,  Tar.  m,  nat  aise ;  7  b,  part  of  a 
calioe,  magnified. 

8,  Balanop^Uia  Ulrichi,  sp.  n.,  nat.  siie;  8  a,  the  aame  Tar.,  enlargifd 
2  diama. ;  8  6,  part  of  oaiioe,  magnified ;  8  c,  coatee,  magnified. 

9,  BalttnophflUa  tttbuliformu^  ap.  n.,  part  of  calioe,  magnified. 

Discussioir. 

The  Pbssident  inquired  whether  the  absence  of  reef-corals  might 
not  be  indicative  of  the  climate  of  Sonth  Australia  having  been  much 
the  same  as  at  present  in  Tertiary  times,  as  these  forms  required  a 
temperature  of  about  68^. 

Prof.  Eaxsat  expressed  his  satisfaction  at  the  manner  in  which 
Mr.  Selwyn's  work  on  the  Australian  Geological  Survey  had  been 
appreciated  by  the  author. 

Mr.  Jeitkins,  who  had  been  working  on  the  fossil  moUusca  of 
Australia,  had  arrived  at  the  conclusion  that  at  the  time  of  the  de> 
posit  of  the  beds  mentioned  by  Dr.  Duncan,  the  climate  had  been 
warmer  than  at  present  The  shells  presented  the  same  strange  and 
abnormal  features  as  the  corals,  in  differing  from  other  older  and 
well-known  species  merely  in  some  minute  detail.  There  was  no 
point  of  contact  between  the  Australian  and  European  faunas  to 
afford  a  criterion  of  relative  age,  though  there  were  some  points  of 
similarity  to  bo  found  in  the  Mediterranean  area. 

Mr.  GwYN  JsFF&ETs  Stated,  as  an  instance  of  the  singularities  of 
the  Australian  fauna,  that  Ehynchonella  pdttacea^  essentiaUy  an 
arctic  species,  had  occurred  in  the  Tertiaries  of  Spain,  in  our  Glacial 
deposits  and  the  Norwich  Crag,  and  is  now  found  living  in 
Australia. 

Dr.  DuiTCAV  shortly  replied  to  the  various  speakers,  and  was  dis- 
inclined to  limit  the  occurrence  of  any  formd  of  corals  to  particular 
temperatures. 


2.  Note  on  a  Nbw  and  Undesgribed  Weaxdsn  Ybbtebra. 
By  J.  W.  HuLKE,  Esq.,  F.E.8.,  F.G.8. 

[PlatuXXIL] 
This  vertebra  was  found  on  the  shore  near  Brooke,  Isle  of  Wight, 
almost  completely  hidden  in  a  large  block  of  stone.  Last  autumn, 
when  I  obtained  it,  I  showed  the  block  to  Mr.  Fox,  of  Brighstone, 
whose  knowledge  of  the  Wealden  strata  in  this  neighbourhood  is 
unrivalled ;  and  he  without  hesitation  referred  it  to  a  bed  which 
occurs  nt  ar  the  top  of  the  high  cliff  between  Brooke  and  Chilton. 
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The  ccntram  has  unfortunately  been  broken  across,  and  the  greater 
part  of  it,  including  both  articular  faces,  is  missing.  Only  a  small 
part  of  it,  including  the  floor  of  the  neural  canal,  remains,  sur- 
mounted by  a  singularly  framed  superstructure,  which,  although 
much  distorted  by  pressure,  is  yctt  sufficiently  preserved  to  afford  a 
good  idea  of  its  perfect  form. 

The  bony  tissue  is  very  compact,  which  makes  the  outer  surface 
very  smooth,  and  even  polished.  It  takes  principally  the  shape  of 
thin  plates,  many  of  which  are  not  thicker  than  stout  writing-paper. 
Where  the  interior  of  the  stouter  parts  of  the  vertebra  is  exposed, 
the  broken  surfaces  show  a  thin  outer  shell  of  bone  enclosing  an 
extremely  coarse  cancellated  tissue,  the  spaces  of  which  are  immense, 
exceeding  by  many  times  those  of  the  cancellous  tissue  of  all  the 
contemporary  Dinosaurs  yet  known  to  us,  and  reminding  us  in  some 
measure  of  those  of  Pterodactylian  bones. 

The  neurapophyses  (PL  XXII.  figs.  1  &  2,  np\  in  their  present 
mutilated  state,  measure  about  5  inches  from  front  to  back ;  but  their 
real  length  was  greatiT,  for  they  have  suffered  by  the  compression  of 
the  back  of  the  vertebra.  How  far  they  descended  on  the  sides  of  the 
centrum  is  not  determiuable ;  but  their  present  height  measures 
about  5  inches  from  the  floor  of  the  neural  canal  to  the  level  of  its 
crown ;  and  from  that  to  the  level  of  the  root  of  the  neural  spine  is 
nearly  1  inch  more.  Their  anterior  margin  is  stout,  their  posterior 
margin  tlunner ;  and  intermediately  their  substance  Ib  reduced  to  a 
very  thin  lamina,  the  outer  surface  of  which  is  strengthened  by  a  series 
of  minor  buttresses  and  arches  projecting  in  high  relief.  The  greater 
stoutness  of  their  anterior  margin  has  reference  to  the  support  of 
the  large  prsezygapophyses. 

These  latter  articular  processes  (prz)  project  directly  forwards  in 
front  of  the  neural  spine,  and  they  overhang  the  entrance  of  the 
neural  canal  (nc).  Their  anterior  inferior  angle  is  borne  by  a  stout 
buttress  which  springs  from  the  front  of  the  neurapophysis.  They 
have  two  articular  surfaces : — a  larger  upper  one,  of  a  flat,  oblong, 
tabular  form,  at  the  level  of  the  base  of  the  neural  spine  (the  crown 
of  the  arch),  directed  upwards  and  slightly  inwards,  for  articulation 
with  the  corresponding  large  oblong  face  of  the  postzygapophysis ; 
and  a  smaller  subtriangular  articular  surface  directed  inwards  towards 
the  middle  Hne,  forming  the  sides  of  a  notch  separating  the  two 
praezygapophyses  (figs.  I  <&  3,  n).  This  notch  is  nearly  2  inches  deep 
from  front  to  back.  Its  width  is  *7  inch  behind,  and  about  1-3  inch 
in  front 

The  postzygapophyses  (^.  4,  psz)  lie  directly  under  the  posterior 
pillars  of  the  neural  spine  (to  be  presently  described).  Their  size 
and  shape  correspond  to  those  of  the  prsezygapophyses ;  and  their 
direction  is  the  reverse,  viz.  downwards  and  slightly  outwards.  No 
notch  intervenes  between  them  as  between  the  anterior  articular  pro- 
cesses ;  but  their  inner  borders  coalesce  in  the  middle  line,  and  from 
their  junction  a  stout  plate  (fig.  4,  w)  descends  vertically  to  the  crown 
of  the  neural  canal — in  other  words,  to  the  summit  of  the  neural  arch. 
This  plate  measures  nearly  2  inches  vertically,  and  it  is  -9  inch  thick. 
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On  applying  a  firagment  of  the  back  of  a  vertebra  in  Mr.  Fox's  col- 
lection (woodcut)y  we  found  that  when  the  postiygapophyBes  rested 
on  the  prsdzygapophyses,  the  posterior  vertical  median  plate  fitted  into 
the  notch  between  the  latter,  its  sides  articulating  with  the  snbtri- 
angular  articular  surfaces  of  these. 

Fig.  1. — Redu^ced  (m^UaM  of  a  camerordrawlng  of  a  fragment  of  the 
h(Mkof  a  similar  vertebra  in  Mr.  Foafe  cdUeUian. 


v  ,. 


ptt- 


-V--  pi< 


ns'.  Postorior  pillars  of  compcMite  neural  spine. 

psg.  Poetzygapophyses. 

w.  Vertical  meaian  wedge-plate  descending  from  junction  of  />«^  to 

crown  of  neural  canal. 
vr.  Vertical  mesial  ridge,  for  interspinous  ligament. 
vp.  Thin  vertical  plate  descending  to  platform. 
pit.  Horizontal  platform. 

The  neural  spine  consists  of  an  anterior  pair  of  pillars  (now  about 
7  inches  long)  which  rise  from  the  crown  of  the  neural  arch  imme- 
diately behind  the  praezygapophyses  (ns),  and  of  a  posterior  pair  of 
stouter  piUars  (ns')  which  ascend  from  immediately  above  the  post- 
zygaiwphyses.  The  two  front  and  the  two  postorior  pillars  are 
joined  by  a  thin  lamina;  and  other  thin  plates  pass  between  the 
front  and  back  pair.  The  plate  which  unites  the  two  front  pillars 
is  indented ;  so  that  these  pillars  are  separated  by  a  deep  retiring 
angle,  open  forwards ;  while  the  plate  which  connects  the  two  pos- 
terior pillars  developes  a  vertical  median  crest  (vr)  projecting  back- 
wards, and  having  a  strong,  rough  edge,  as  if  for  the  attachment 
of  an  interspinous  ligament.  Below,  the  crest  contracts,  and  ends 
in  a  deep  hollow  juat  above  the  uuion  of  the  inner  borders  of  the 
postzygapophyses. 
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The  traiiBverBe  prooesBOB  (tr)  are  siinple,  stoat  and  aliort.  They 
project  horisontally  outwards  from  the  outer  border  of  the  prsezyga- 
pophyses.  The  left  one,  which  appears  to  be  uiunutilated,  measures 
nearly  3*5  inches  along  its  upper  surface.  It  bears  a  terminal,  oval^ 
slightly  hollow  costal  surface  («9),  the  long  axis  of  which,  nearly  ver- 
ticaly  measures  2*5  inches,  while  the  horizontal  shorter  axis  is  1*1 
inch.  The  under  surface  of  the  transverBe  process  rests  on  a  strong 
buttress-like  plate,  which  ascends  towards  its  outer  end  from  the 
anterior  margin  and  adjacent  outer  aspect  of  the  neurapophysis. 
This  plate  forms  the  outer  wall  of  a  large  and  deep  triangular  hollow 
beneath  the  anterior  margin  of  the  transyerse  process. 

One  of  the  most  remarkable  characters  in  the  vertebra  is  a  thin 
horizontal  platform  (pU)  which  extends  along  the  side  of  the  vertebra, 
from  the  back  of  the  transverse  process  anteriorly  to  the  postzyga- 
pophyses  behind,  in  the  level  of  the  crown  of  the  arch.  Its  original 
breadth  is  not  now  ascertainable,  for  its  outer  border  is  broken ; 
but  in  its  present  mutilated  state,  it  extends  outwards  to  the  dis- 
tance of  5  inches  from  the  neural  spine.  It  is  strengthened  in 
front  by  a  stout  ridge  produced  outwards  from  the  outer  half  of  the 
posterior  border  of  the  prsezygapophysis  and  the  adjacent  anterior 
pillar  of  the  neural  spine.  A  curved  notch,  2  inches  long,  the  only 
remaining  natural  edge  of  the  platform,  separates  the  outer  end  of 
this  ridge  from  that  of  the  transverse  process.  At  about  2-5  inches 
behind  the  first  ridge  the  platform  is  strengthened  by  a  second ;  and, 
corresponding  to  this,  a  strong  brackot-like  plate  (htt)  descends  from 
the  under  surface  (of  the  platform)  towards  the  centrum,  filling  the 
angle  included  by  the  horizontal  under  surface  of  the  platform  and 
the  nearly  vertical  outer  surface  of  the  neurapophysis.  The  lower 
end  of  this  bracket  forks  just  before  it  reaches  the  centrum.  Be- 
tween the  bracket  and  the  buttress  which  springs  from  the  anterior 
border  of  the  neurapophysis  to  the  outer  end  of  the  transverse 
process,  is  a  very  large  deep  hollow  under  the  platform.  Its  sides 
are  formed  by  the  bracket  and  buttress  just  mentioned;  and  its 
bottom  corresponds  to  the  thinnest  part  of  the  neurapophysis,  which 
at  this  part  is  only  about  '1  inch  thick,  and  is  strengthened  by  small 
buttresses  and  arches  in  high  relief.  A  similar  but  smaller  hollow 
is  present  behind  the  great  vertical  bracket,  between  it  and  the  post- 
zygapophysis.  A  third,  and  still  smaller  pit  occurs  at  each  side  of 
the  vertical  median  plate  descending  from  the  postzygapophyses  to 
the  arch,  which  allows  the  entrance  of  the  plate  into  the  notch  be- 
tween the  prsBzygapophyses  when  the  vertebrse  are  articulated. 
From  the  upper  surface  of  the  platform  several  thin  strut-like 
plates  ascend  on  the  sides  of  the  neural  spine. 

The  neural  canal  (tic)  has  a  singular  construction,  which  I  do  not 
remember  to  have  seen  in  any  other  vertebra.  The  anterior  mar- 
.  gins  of  the  neurapophyses  form  a  wide,  simple,  low-spanned  openiDg ; 
and  within  this  there  is  a  very  beautiful  interior  arch  (g)  with  groins 
projecting  from  the  spring  of  the  arch  and  from  the  roof,  and  con- 
verging to  a  central  point  lying  just  under  the  front  of  the  neural 
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spine,  distant  about  1  inch  firom  the  bottom  of  the  notch  between 
the  praxygapophyses.  The  poaterior  opening  of  the  neural  canal  is 
much  narrower  than  the  anterior :  only  the  upper  part  of  it  jnemains ; 
its  sides  form  an  angle  of  about  80^. 

One  of  the  first  questions  which  arises  is,  to  what  region  of  the 
spine  does  this  vertebra  belong?  In  the  almost  complete  absence  of 
the  centrum,  this  question  cannot  be  certainly  answered.  Its  <nim- 
brous  size,  ^e  great  platform,  and  the  restraint  which  the  super- 
added medUm  bolt  and  notch  impose  on  the  play  of  the  zygapophyses 
point,  I  think,  to  the  trunk.  Kext,  the  small  size  and  the  direction 
of  the  articular  facet  at  the  end  of  the  transverse  process  appear  ill 
suited  to  constitute  it  the  sole  and  sufficient  vertebral  support  of  a 
rib  of  dimensions  commensurate  with  those  of  the  vertebra.  This 
makes  it  likely  that  there  was  a  capitular  costal  articular  surface  on 
the  side  of  the  centrum ;  and  a  double  costal  vertebral  articulation, 
taken  in  connexion  with  the  other  character,  points  to  the  front  half 
of  the  trunk. 

The  marked  reptilian  character  of  the  WeaJden  fauna  favours  the 
presumption  that  this  is  also  the  vertebra  of  a  reptile. 

Shortly  summed,  its  distinctive  features  are : — 

TeaturcU, — ^The  compactness  of  the  osseous  tissue,  its  occurrence 
chiefly  in  thin  plates,  the  thinness  of  the  cortical  layer  of  the  bone, 
and  the  immense  spaces  of  the  cancellous  tissue. 

Constructive. — 1.  The  vertical  median  plate,  or  bolt,  beneath  the 
postzygapophyses,  and  the  corresponding  notch  between  the  prse- 
zygapophyses. 

2.  The  composite  neural  spine. 

3.  The  great  platform. 

4.  The  buttresses  and  arches  by  which  the  spine,  neurapophyses, 
transverse  processes,  and  platform  are  strengthened,  and  the  groined 
interior  arch  at  the  front  of  the  neural  canal. 

The  peculiar  textural  characters  enable  us  readily  to  separate 
these  from  other  Wealden  bones.  My  attention  was  first  drawn  to 
these  four  years  ago  by  Mr.  Fox,  who  had  already  at  that  time  col- 
lected many  fragments  of  this  sort  from  the  Wealden  clifis  in  the 
neighbourhood  of  Brighstone,  not  one  of  which,  however,  was  suffi- 
ciently complete  for  me  to  glean  an  idea  from  it  as  to  the  part  of 
the  skeleton  from  which  it  had  come.  The  texture  of  these  frag- 
ments reminded  me  more  of  the  coarse  diploe  of  the  Elephant's  skull 
than  of  any  thing  else  with  which  I  was  acquainted.  They  told  of 
the  former  existence  of  a  large  animal  distinct  from  any  of  the 
known  Dinosaurs,  having  a  ^eleton  comparable  for  its  lightness 
with  that  of  Pterosauria,  but  of  a  size  far  surpasing  any  of  these. 
About  a  year  after  this,  while  examining  the  StreptospondyHan  ver- 
tebrae in  the  British  Museum,  I  was  struck  with  the  close  resem- 
blance, as  regards  colour  and  texture,  of  one  of  these  to  the  pieces  of 
bone  which  Mr.  Fox  had  shown  me,  and  the  suspicion  arose  in  my 
my  mind  that  these  were  portions  of  this  Streptospondylus.  I  have 
lately  reexamined  this  vertebra,  and  find  the  same  textural  simila- 
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riiy  to  mine.    UnfortaiAtely  the  oomparison  cannot  be  extended  to 
their  form,  since  mj  arch  &c.  wants  nearly  the  entire  centrum,  and  ' 
the  British  Museum  centrum  bears  only  a  very  worn  and  mutilated 
upper  structure.    Their  identity  must  therefore  be  left  at  present 
undetermined*. 

Two  of  the  leading  features  in  the  frame  of  this  new  vertebra, 
the  median  wedge  and  notch  (accessory  to  the  ordinary  articulating 
surfaces  of  the  zygapophyses),  and  the  broad  platform,  point  in  the 
direction  of  Dinosauria.  The  wedge  and  notch  (similar  in  principle, 
but  differently  placed  to  the  zygosphene  and  zygantrum  of  Snakes), 
which,  till  very  lately,  I  believed  to  be  peculiar  to  this  vertebra,  are 
present  also,  Prof.  Huxley  tells  me,  in  Megalosaums ;  and  the  plat- 
form upon  the  neural  arch  is  one  of  the  marks  of  Iguanodo^i 
MantdU, 


Dimensions. 

inches. 

Neurapophyses,  length  (from  front  to  back)  about 5 

„             height  to  top  of  neural  canal,  about 5 

„                     „       crown  of  arch 6 

PrEBzygapophyses.     Upper  articulating  surface. 

Transverse  diameter  (or  frt>m  median  to  outer  border)   . .  3*2 

Antero.posterior  diameter    1*9 

Interpnezygapophysial  notch. 

(Antero-posterior)  length 2 

Width,  behind -7 

„      in  front 1*3 

Vertical  wedge  beneath  the  postzygapophyses. 

Vertical  depth   2 

Thickness 9 

Transverse  process. 

Length  along  upper  surface 3-5 

Costal  articulating  surface,  vertical  diameter 2*5 

Horizontal  diameter 1*1 

Platform  (broader  than)    5 

Neural  spine  (pillars),  length   7 

*  Should  it  hereafter  be  established,  there  will  still  be  the  question,  T^Hiat  is 
this  Streptospandylus  ?  The  vertebra  is  in  the  North  Qallery.  It  bears  the  Cata- 
logue number  28632,  and  also  a  written  label  with  the  words  *'  Wealden,  S.£. 
England ; "  and  it  formed  part  of  the  Mantelhan  collection.  It  differs  from  all 
the  other  opisthocoelian  yertehne  in  the  National  Collection,  not  merely  in  its 
texture,  but  also  in  its  form  and  proportions,  and  more  particularly  in  the 
presence  of  a  very  large  and  deep  excaration  in  the  side  of  tlie  centrum,  nearly 
perforating  it,  beneath  the  neural  canal.  In  position,  this  pit  corresponds,  as 
Mr.  Seeley  has  Lately  pointed  out,  to  the  pneumatic  foramen  of  the  Pterodao- 
tjlian  vertebra.  But  should  any  one  be  tempted  to  conjecture,  from  the 
proeouoe  of  this  pit,  together  with  the  very  open  texture  of  the  bone,  that  this 
S£r(8ptoqwn^ht8  was  an  enormous  flying  Saurian,  he  will  do  well  to  bear  in  mind 
that  an  extremely  light  skeleton  does  not  necessarily  prove  endowment  with 
flight,  and  also  tliat  all  Pterosaurian  vertebne  jet  known  are  proccelian,  and  what 
perhaps  is  of  minor  importance,  that  the  horizontal  diameter  of  their  articular 


Digitized  by 


Google 


324  PBOGElBIirOS  of  THX  OBOIXKaCAL  80C1STT.  [Feb.  9, 

DBSCSIFnON  OF  PLATB  XXU. 

In  all  the  figures  the  same  parts  are  indioatod  by  the  same  letters. 

Fig.  1.  Front  Tieir.    Fig.  2.  Oblique  view  of  front  and  left  aide.    Fig.  3.  View 

of  under  Burfaee.    Fig.  4.  Back  view.    Beduoed. 
iM.  Anterior  pillars  of  neural  spine,  thrown  backwards,  downwards,  and 

towards  the  left  by  pressure. 
ny.  Posterior  pillars  of  neural  spine. 

vr.  Vertical  riSge,  ron^  for  attachment  of  an  interqnnous  ligament. 
prs.  Prsnygapopbyses. 
ft.  InterprflBsygapophysial  notch,  »xy^trum. 
t.  The  inner  articular  surface  of  the  right  priasygapophysis,  forming  one 

side  of  the  notch. 
w.  The  vertical  wedge-plate  descending  from  the  junction  of  the  post^ 

zygapophyses  to  the  crown  of  the  neural  canal,  which,  when  the  verte- 

br»  are  articulated,  is  reoeiyed  into  n,  the  notch  between  prg.    It  has 

been  dislocated  towards  the  left. 
pss.  Fostcygapophysee. 
tip.  Neurapopnyses. 
ff.  Groinea  interior  arch. 
ne.  Neural  canal. 
fl.  Its  floor. 

c.  A  small  portion  of  the  upper  part  of  the  centrum  immediately  under  >f. 
tr.  Transverse  process. 
ca.  Costal  facet. 

Horizontal  platform. 
fit.  Vertical  buttress-plate  descending  from  platform  to  centrum. 

Discussion. 

Tho  President  remarkod  on  the  combination  of  strength  and 
lightness  in  the  bone,  which  in  this  respect  was  not  unlike  the 
vertebra)  of  tho  back  of  the  ostrich. 


pit. 


3.  Note  on  the  Middle  Lias  in  the  NoBin-BAST  of  Ibbland. 
By  Ralph  Tate,  Esq.,  Assoc.  linn.  Soc.,  F.G.S,. 

PoBTLOCK  in  his  « Survey  of  Londqnderry '  makes  no  mention  of  the 
presence  of  the  Middle  lias  in  Ireland  ;  and  an  examination  of  the 
species  of  fossils  collected  by  him  proves  that  no  higher  member  of 
the  Jurassic  series  than  the  Lower  Lias  is  represented  by  them.  In 
a  former  communication*  I  demonstrated  the  presence  of  the  whole 
series  of  the  Lower  lias,  and,  till  recently,  was  unaware  of  tho  occur- 
rence of  strata  newer  than  that  formation. 

Mr.  William  Gray  has  sent  me  several  blocks  of  a  grey,  marly, 
micaceous  sandstone,  charged  with  organic  remains  of  Middle  li- 
assic  age ;  these  were  obtained  near  the  town  of  Ballintoy,  <'  in  fields 

faces  exceeds  the  vertical  (Owen) ;  while  in  this  Sireptospondt/lus  the  rererse 
obtains,  the  vertical  diameter  of  the  best-preserved  articular  face  (the  hollow, 
posterior  one)  exceeds  the  transverse. 
»  Quart.  Joum.  Gheol.  Soc.  vol.  xxiii.  p.  297  (1807). 
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and  cultivated  patches  of  drift,"  and  conjectured  by  the  discoverer 
to  have  been  derived  from  the  immediate  vicinity ;  but  up  to  the 
present  time  they  have  not  been  referred  to  their  parent  site. 
I  have  determined  the  following  species : — 

1.  Ammonitee  marsaritatiu,  Montf, 

2.  Ammonitee  HenleTi,  Sow,  (on  the  authority  of  Mr.  B.  EUieridge). 

3.  BelenmiteB  ombilioailkiu,  Bl, 

4.  PitoniUuB  tctrbinatus,  Moore. 

5.  Fecten  liasiniis,  Nytt, 

6.  Fecten  acutiradiatus,  Sekloth. 

7.  Flicatola  spinoea,  Sow. 

8.  Cypricardia  cucollata,  Goldf. 

9.  Iflocardia  cingulata,  Goldf, 

10.  limea  aoutiooBta,  Goi4f. 

11.  ATicola  DoremooetA,  Brown. 

12.  Bhynchonella  aouta,  Sow. 

13.  Bhynchonella  Tariabilis,  Sehloth. 

14.  Waldheimia  numiamalis. 

15.  Fentacrinus,  sp. 

16.  HyboduB  reticnlatus,  Ag.  ? 

With  the  exception  of  Plieattda  spinosa,  Avicula  novemeostce,  and 
BhynehoneUa  variabilis,  which  range  throughout  the  Lower  and 
Middle  lias,  the  majority  of  the  determined  species  indicate  an 
horizon  below  the  Marlstone  but  above  the  highest  beds  of  the  Lower 
Lias.  The  close  similarity  in  lithological  composition,  and  in  part 
in  fossiliferous  contents,  between  the  Pabba  shales*  and  the  blocks 
found  at  Ballintoy  suggests  the  probability  of  the  latter  having  been 
transferred  during  glacial  times  firom  the  Hebrides. 

Nevertheless  the  sandstone  blocks  from  Ballintoy  belong  unques- 
tionably to  the  Middle  Lias,  and  appertain  to  the  lower  division, 
which  includes  the  Jametcnir-hed,  the  7^;r-bed,  and  the  Caprieomus- 
bed,  and  are  contemporaneous  (if  not  conterminous)  with  the  Pabba 
Shales. 


Fkbbuaby  23, 1870, 

Alexander  G.  H.  Harding,  Esq.,  of  King's  College,  and  39  Wo- 
bum  Place,  Russell  Square,  W.C. ;  Thomas  Adair  Massey,  Esq., 
Barrister-at-Law,  6  Crown  Office  Row,  Temple  ;  and  Samuel  Has- 
lett,  Esq.,  Ann  Street,  Belfast,  were  elected  Fellows  of  the  Society. 

The  following  communications  were  read : — 

»  Oeikie,  Quart.  Journ.  Geol.  Soc.  toI.  xiy.  p.  5  (1868). 
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1 .  Addittoval  OBSxsTATioira  OH  ike  Nbooomian  Strata  o/Tokkshibs 
and  LmooLNSHiBB,  with  Notbb  on  their  Belatioks  to  the  Bbd8  of 
the  $ame  age  throvghemt  Noktbebh  Eubopb.  By  Jomr  W.  Jvdd, 
Esq.,  F.6.S.y  of  the  Geological  Suryey  of  England  and  Wales. 

[Platb  xxni.] 

CONTBIITS. 

I.  Introdmction. 
II.  Neocoroian  Strata  of  the  Vale  of  Pickering. 

III.  The  Neocomian  Iron-oies  of  Linoolnahire. 

IV .  General  Sketch  of  the  Neocomian  Beds  of  the  North  of  BngUnd. 

y.  Besulta  of  a  General  CSompariaon  of  the  Neocomian  Beds  of  Northern 
Europe. 

(1)  Heligoland.  (4)  Hanover. 

(2)  Holland.  (5)  The  Harti. 

(3)  Westphalia.  (6)  Bninswu^. 
YI.  Conclusion. 

I.   IVTBOPUCTION. 

Ik  two  previous  communications*  I  have  laid  before  this  Society  the 
result  of  detailed  studies  of  the  fine  cliff-section  of  Filey  Bay  in 
Yorkshire,  and  of  the  range  of  hills  forming  the  western  flank  of 
the  lincolnBhire  Wolds.  In  each  of  these  memoirs  I  have  especially 
dwelt  on  the  presence  and  relations  of  certain  beds,  which  are  proved 
by  their  fossil  contents  to  belong  to  the  great  formation  known  by 
the  names  of  NSocomien  in  France  and  Switzerland,  of  Hile  in  North 
Germany,  and  of  Biancone  in  Italy.  In  pursuing  this  subject 
on  the  present  occasion  I  propose, — ^first,  to  describe  the  inland 
development  of  these  beds  in  Yorkshire ;  secondly,  to  furnish  some 
additional  particulars  concerning  the  lincolnshlre  beds;  thirdly, 
to  give  a  brief  rimmi  of  the  whole  of  the  facts  known  regarding  the 
nature  and  relations  of  the  Neocomian  strata  of  the  north  of  England ; 
and,  lastly,  to  state  the  results  of  a  personal  examination  and  com- 
parison of  these  beds  with  their  equivalents  in  North-western 
Germany. 

II.  NBOCOMiAir  Strata  of  the  Yale  of  PicKSBDro. 

On  the  completion  of  my  study  of  the  succession  of  strata  ex- 
posed in  the  clifiB  of  Filey  Bay,  it  became  an  object  of  much  in- 
terest to  me  to  examine  and  map,  as  far  as  possible,  the  itdand 
development  of  the  same  beds  (Neocomian,  Portlandian,  and  £im- 
meridge),  with  a  view  to  the  confirmation  or  correction  of  the  con- 
clusions I  had  then  arrived  at  concerning  their  nature  and  relations. 
Unfortunately  the  whole  district  between  the  Wolds  and  moors  of 
Yorkshire  is  so  thickly  covered  with  drift  and  alluvium  as  to  render 
the  examination  of  the  underlying  deposits  a  task  of  great  difficulty. 

The  Yale  of  Pickering  was  first  excavated  during  pr^lacial  times, 
in  the  soft  Neocomian  and  Upper  Oolitic  clays  which  intervene  be- 
tween the  harder  rocks  of  tiie  Upper  Cretaceous  and  the  Lower 

•  Quart.  Joum.  Qeol.  Soc.  vol.  xxui.  p.  227  (18^7),  vol.  rriv.  p.  218  (1868). 
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Oolitic  aeries,  by  streams  wbioh  probably  flowed  from  W.  to  E. 
During  tbe  Glaoal  period  tbis  valley  was  filled  with  immense  de- 
posits of  tbe  Bonldef-clay  and  its  associated  beds ;  and  on  the  re- 
emergence  of  tbe  land  firom  beneath  the  Glacial  sea,  tbe  present 
rivers  (tiiie  Derwent  and  its  affluents),  flowing  from  E.  to  W.  and 
catting  a  narrow  gorge  through  the  haxdev  strata  of  the  Howardian 
hills,  scooped  out  the  valley  again,  but  not  to  so  great  a  depth  as 
before  *.  Thus  the  day-beds,  which  formed  the  bottom  of  the  original 
valley,  remain  (especially  in  their  eastern  part)  to  a  great  extent 
concealed  by  drift-deposits,  as  represented  in  the  ideal  section 
(PL  XXIII.  fig.  1). 

Having  pointed  out  the  obstacles  to  complete  examination  of  the 
inland  development  of  the  Neocomian  beds  of  the  district,  I  now 
proceed  to  describe  in  detail  aU  the  facts  which  I  have  been  able  to 
collect  concerning  them. 

The  deep  ravine  ("  gill ")  formed  by  the  small  stream  which 
flows  by  the  village  of  Eeighton,  is  cut  quite  through  the  Boulder-clay ; 
and  about  half  a  mile  below  the  village,  beds  of  blue  day  were  found, 
yidding  BeUmniUs  lateralis^  Phil.,  and  many  fragments  of  Am^ 
numites  and  Aneyloceras.  These  beds  are  shown  by  their  fossils  to 
belong  to  the  upper  part  of  tbe  Lower  Neocomian  (zone  of  Am- 
monites speetonenm). 

From  this  point  westward  to  tbe  village  of  West  Heslerton  (see 
section,  PI.  XXIII.  fig.  2),  a  distance  of  fifteen  miles,  the  base  of  the 
Wolds,  as  well  as  tbe  bottom  of  the  valley,  is  entirely  covered  and 
concealed  by  superfidal  deposits,  and  no  opportunity  is  afforded  for 
the  study  of  the  underlying  strata.  AccorcUng  to  Young  and  Birdf, 
however,  a  boring  one  and  a  half  mile  south  of  Staxton  showed, 
under  278  feet  of  white  and  red  chalk,  beds  of  blue  day  or  shale, 
which  were  pierced  to  the  depth  of  54  feet.  The  general  dip  of  the 
strata  being  8.E.,  as  we  proceed  westward  the  beds  underlying  the 
chalk  gradually  rise,  and  at  length  are  seen  at  the  base  of  the  Wolds, 
above  the  great  superficial  deposits  which  fill  the  bottom  of  the 
valley. 

In  the  western  part  of  the  parish  of  West  Hederton  there  were 
at  one  time  several  pits  close  to  the  Wold-foot,  in  which  stiff  blue 
clay  was  dug  for  dressing  the  loose  sandy  alluvial  land  of  the  dis- 
trict ;  these,  however,  have  been  closed  for  many  years,  and  I  could 
obtain  no  evidence  of  fossils  having  ever  been  found  in  them. 

A  little  to  the  westward  of  these,  however,  on  the  boundary  be- 
tween the  parishes  of  West  Hederton  and  Xnapton,  there  is  a  pit 
to  which  great  interest  attaches.  At  the  bottom  of  a  very  deep 
chalk-quarry  tbe  underlying  clay  has  been  dug  for  the  purpose  of 
dressing  the  land.    The  section  exposed  was  as  foUows : — 


*  "  The  Hartford  brook  or  rirer  "  (one  of  tbe  tributaries  of  the  Derwent) 
<*  rises  on  the  very  cliff  near  Filey,  at  a  height  of  about  100  feet  above  the  8ea, 
and  flows,  westward,  southward,  and  eastwaM,  100  miles  before  reaching  it." — 
Ptof,  J.  PkiUipB,  '  Bivers,  Mountains,  and  Sea-coasts  of  Yorkshire,'  p.  85. 

t  *  Sanrej  of  the  Yorkshire  Coast/  p.  60  (1828). 
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(1)  White  bhalk    aboat  40  feet  Been. 

(2)  Pale.red  chalk,  with  red-day  parting    Crowded  1  tj^^jjujeas  unoeftain. 

with  speoimena  of  BdemruUs  mmtmut,  Liat  ...  J  '*"**"'"  u««™mii. 

(3)  Dark-bloe  clay,  full  of  foaaila. 

Aooording  to  the  concnrrent  testimonj  of  a  number  of  reliable 
witnesses,  this  pit  yielded  immense  numbers  of  beautiful  AmnumiUSf 
mineralized  by  pyrites,  with  many  BeJemnttes,  and  other  shells,  and 
was  the  source  of  the  numerous  fossils  which  found  their  way  to 
the  various  Yorkshire  museums  and  were  labelled  as  Knapton  fos- 
sils. From  a  consideration  of  all  the  evidence  on  the  subject,  I 
think  there  can  be  no  doubt  that  this  pit  was  opened  in  the  highly 
foesiliferous  cone  of  Ammonites  speetanenm.  The  pit  is  now  com- 
pletely closed,  and  the  bottom  planted  with  trees. 

A  mile  further  to  the  west,  and  about  half  a  mile  south  of  the 
village  of  East  Knapton,  are  found  two  other  very  interesting  pits. 
The  most  easterly  of  these  exhibits  the  following  succession  of 
beds: — 

(1)  Hard  white  chalk  with  a  few  flints. 

i2\  Bed  chalk,  crowded  with  Bdemnites  minimus.  List 
3)  Black  shaly  clay  with  dark-coloured  septaria,  containiDg  numerous  veins 
of  calc-spar ;  this  day  was  formerly  dug  to  a  Tery  oonnderable  depth. 

In  the  clay  itself,  which  is  badly  exposed  at  the  present  time,  no 
fossils  could  be  detected ;  but  in  the  septaria,  thrown  out  from  this 
pit  when  it  was  worked,  numerous  specimens  of  Ammonites  were 
obtained.  These  were  all  Lower-Neocomian  species.  Ammonites 
fascicularis,  D'Orb.  (a  shell  known  locally  under  the  manuscript 
name  of  A,  evalidtts,  Bean),  being  especially  abundant.  In  my 
memoir  on  the  Spoeton  section,  I  have  not  introduced  this  Ammonite 
into  my  lists,  not  having  found  it  in  situ ;  but  my  friend  Mr.  Lcck- 
enby  assures  me  that  the  numerous  specimens  of  this  shell  in  his 
own  and  other  collections  were  all  obtained  from  aigillaceous  nodules 
in  the  beds  exposed  at  low  water  on  Spoeton  shore,  and  iSnt  very 
little  above  the  beds  containing  the  Fortlandian  species. 

In  the  second  pit  at  Knapton,  which  is  only  about  100  yards  to 
the  westward  of  the  former,  we  find  the  following  beds  : — 

(1)  Hard  white  chalk  with  a  few  flints. 
(2i  Light-red  chalk  full  of  BeUmnites  minimus,  list 

(3)  Dvk-blue  clays,  very  pyritous,  containing  many  small  brown  fragments 
of  ironstone. 

This  day,  from  its  pyritous  character  and  long  exposure  to  atmo* 
spheric  influences,  is  now  crowded  with  beautiful  crystals  of  selenite. 
I  could  find  no  fossils  here ;  but  if  such  originally  existed  in  the  beds, 
they  must  long  since  have  perished,  owing  to  the  quantity  of  pyrites 
in  tiiie  clay. 

The  most  intei*e6ting  circumstance,  however,  in  connexion  with 
this  pit  is,  that  at  some  little  distance  from  the  surface  a  layer  of 
phosphatio  nodules,  about  6  inches  thick,  was  discovered  bv  the  late 
Mr.  Tyndall,  of  Knapton  Hall.  The  value  and  importance  of  this 
discovery  were  not  lost  upon  William  Smith,  who,  then  a  resident 
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at  HacknesSy  was  a  frequent  yisitor  at  Knapton ;  and  experiments  were 
condocted  whicli  demonstrated  the  great  value  of  the  material  for 
agricultural  purposes.  Serious  thoughts  were  at  one  time  entertained 
of  working  this  seam  of  phosphatic  nodules ;  but  its  thinness  and  the 
amount  of  bearing  which  required  to  be  moved  in  following  the  bed  led 
to  the  abandonment  of  the  scheme.  I  obtained  specimens  of  these  no- 
dules; and  they  are  identical  in  every  respect  with  those  which  have  of 
late  years  been  so  extensively  worked  at  Speeton  Cliff,  and  which,  as 
shown  by  Mr.  Leckenby,  mark  the  boundary  between  the  Neocomian 
and  Jurassic  formations.  Taking  into  account  the  identity  in  character 
and  thickness  of  this  seam  of  phosphatic  nodules  with  that  worked 
at  Speeton,  the  similarity  in  every  respect  of  the  pyritous  cla3r8  in 
both  localities,  immediately  overlying  it,  and  the  simihur  septaria 
in  both,  occurring  at  a  little  higher  level  and  crowded  with 
the  same  species  of  Ammonites,  I  think  there  can  be  no  doubt  that 
we  have  here  at  Knapton  the  junction  of  the  Noocomian  and  Oolitic 
days.  At  this  place  a  boring  was  many  years  ago  put  down  to 
the  depth  of  500  feet,  the  only  strata  pierced  being  beds  of  blue 
day  (Eimmeridge).  It  is  quite  in  conformity  with  our  views  of 
the  relations  of  the  strata  of  the  Vale  of  Pickering,  that  at  Sett- 
rington  and  North  Grimston,  a  little  to  the  west  of  Enapton,  we 
find  the  Eimmeridge  day  lying  immediatdy  at  the  foot  of  the  Wolds. 
The  same  formation  is  again  found  at  several  points  along  the  north 
side  of  the  Yale  of  Pickering,  as  at  Eirkby  Moorside,  where  Ostrea 
deltaidea,  Sow.,  (which  I  have  shown  to  be  characteristic  of  the  lowest 
Kimmeridge  beds,)  occurs.  The  clays  of  the  two  pits  at  Enapton 
were  formerly  dug  for  the  purpose  of  supplying  material  to  a  brick- 
yard in  the  village,  but  they  have  not  been  worked  for  many  years. 
It  will  thus  be  seen  that  in  their  inland  development  the  Upper 
and  Middle  Neocomian  of  Yorkshire  have  afforded  no  sections,  the 
strata  being  covered  by  a  great  thickness  of  drift;  of  the  Lower 
Neocomian,  however,  several  of  the  beds  are  exposed  inland  at 
Beighton,  West  Hederton,  and  Enapton ;  and  at  the  last-mentioned 
place  we  observe  the  junction  between  the  Neocomian  and  Jurassic 
beds.  The  relations  of  the  strata  of  the  Yale  of  Pickering  are  illus- 
trated in  the  accompanying  sketch  map  (PI.  XXIII.  fig.  3),  and  in 
the  section  (fig.  2)  drawn  along  the  escarpment  of  the  Wolds. 

UI.  The  Nbocomian  Irok-oreb  of  Lincolnshire. 

In  1867  I  described  the  Middle  Neocomian,  or  Tealby  Series,  of 
Lincolnshire  as  containing  beds  of  valuable  iron-ore.  Since  that  date 
the  West  Yorkshire  Coal  and  Iron  Company  have  opened  a  mine 
near  Acre  House,  between  Claxby  and  NetUeton,  and  the  expecta- 
tions that  I  entertained  of  being  able  to  obtain  new  light  on  the 
stratigraphical  relations  and  the  fossil-contents  of  these  very  inter- 
esting beds  have  been  to  some  extent  realized. 

The  existence  in  this  district  of  fragments  of  iron -slag,  calcined 
ore,  and  charcoal,  assodated  with  Roman  pottery,  indicates  that  these 
ores  were  known  and  worked  at  a  very  early  period. 

The  only  ironstone  in  this  district  which  is  now  found  suffi- 
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ciently  rich  to  repay  the  working,  is  a  rock  almost  entirely  made  up  of 
small  and  beautifully  polished  oolitic  grains  of  hydrated  peroxide  of 
iron.  The  earthy  material,  full  of  larger  concretionary  masses  of 
ironstone,  which  was  at  first  thought  to  be  equally  yaluable,  is  found 
to  yield  so  small  an  average  percentage  of  iron  that  it  is  not  worked. 
The  ooKtic  ironstone  rock  is  crowded  with  fossils,  the  shells  of  the 
gigantic  Peeten  cinetus  being  especially  abxmdant ;  it  also  frequently 
exhibits  veins  of  beautifully  crystallized  calcspar.  The  ore  is  thus 
an  eminently  calcareous  one ;  it  yields  on  analysis  from  28  to  33  per 
cent,  of  metallic  iron  ;  in  many  places  it  appears  to  have  undergone 
a  certain  amount  of  dehydratation,  and  exhibits  irregular  patches 
of  dull  reddish  tints.  The  great  value  of  this  ore  consists  in  its 
adaptability  for  smelting  in  admixture  Mith  the  argillaceous  ores  of 
the  coal-measures ;  and  the  whole  of  the  rock  at  present  raised  is 
sent  to  Leeds  for  that  purpose. 

The  useful  bed  of  ironstone  averages  6  feet  6  inches  in  thickness ; 
it  is  mined  by  means  of  adits  driven  into  the  face  of  the  hill :  the 
working  of  this  ironstone,  however,  is  rendered  less  profitable,  owing 
to  the  want  of  a  good  roof  to  the  seam,  and  the  consequent  necessity 
for  heavy  timbering.  The  adits  at  the  present  time  (December 
1869)  have  extended  for  some  200  yards  into  the  hill,  and  at  the 
furthest  point  an  upcast  shaft,  about  90  feet  deep,  has  been  put 
down.  The  ore  is  carried  on  a  private  railway,  about  1|  mile  long, 
to  the  Holton-le-Moor  station  on  the  Manchester,  Sheffield,  and 
Lincolnshire  Eailway.  For  a  considerable  time  past  the  ironstone 
has  been  raised  and  sent  away  at  the  rate  of  about  100  tons  per  day. 

The  ironstone  beds  are  known  to  extend  as  far  northwards  as 
Hundon,  where  they  are  of  considerable  thickness ;  and  a  thin  seam 
of  the  same  rock  has  been  found  as  far  southward  as  Tealby. 

The  similarity  in  every  respect  of  this  ore  with  that  which  has 
been  worked  for  many  years  at  Steinlahde  and  Osterholz,  near  Sak- 
gitter,  and  at  some  other  points  in  Northern  Grermany  is  very 
striking.  The  German  beds,  which  are  among  the  various  strata 
of  somewhat  diiferent  ages  classed  together  by  M.  Fr.  Ad.  Homer 
as  Bilsconglomerat,  are,  like  the  English  strata,  more  or  less  com- 
pletely made  up  of  minute,  polished^  spherical,  oolitic  grains  of  hy- 
drated peroxide  of  iron.  The  English  and  the  German  ironstones 
are,  both  as  rock-specimens  and  in  poHshed  sections  under  the  mi- 
croscope, quite  undistinguisfaable  in  their  characters.  The  fossils 
also  in  the  two  cases  are  almost  identical,  and  the  extraordinary 
abundance  and  great  size  of  the  specimens  of  Peeten  cinetus  are  in 
both  alike  remarkable.  While,  however,  the  English  beds  are  almost 
horizontal,  the  German  strata  are  greatly  inclined  (at  Steinlahde  at 
an  angle  of  63°),  and  can  therefore  be  worked  by  means  of  great  open 
pits.  Similar  oolitic  ironstones  to  those  of  Lincolnshire  and  North 
Germany  occur  in  the  Neocomian  of  France  and  Switzerland*. 

♦  The  oolitic  iron-ores  mentioned  by  Dr.  Fittx)n  as  oocurrinf  in  the  Lower 
Greeneand  of  the  Isle  of  Wight  (Quart.  Joum.  Gteol.  Soc.  vol.  iii.  pp.  302,  308) 
are  yery  different  from  those  we  have  been  describing,  consisting  of  grains  of 
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The  various  sectionB  obtained  in  the  Acre-Hoxise  Mine  show  that 
the  thickness  and  order  of  succession  of  the  different  beds  change 
very  rapidly  within  short  distances.  The  upcast  shaft  gave  the  fol- 
lowing section  from  above  downwards : — 

ft.  in. 

(1)  Scnl  2    6 

(2)  Whiteohslk 9  to    10    0 

(3)  BedB  of  yellow  clay  and  red  marly  ohalk    10    0 

(4J  Bed  sand 10    0 

(5i  Limestone  rock,  hard- and  Uue-hearted 14    0 

(6)  Blue  clay,  with  the  same  fossils  as  the  limestone  abore  {Pecten 

eiW/iM  abundant)    40    0 

(7)  Ironstone,  soft  and  earthy  above,  solid  and  finely  oolitic  below 

(only  the  lower  nart  is  worked) 13  to     14    0 

(8)  Coarse  greenish-wnite  sands,  m  places  indurated  into  hard  sand- 

stone-rock      6  to      7    0 

(9)  Very  dark-eoloured,  highly  bituminous,  shaly  clay.    A  thin  bed 

at  the  top  is  remarkable  for  its  highly  inflammable  character, 
and  greatly  resembles  the  Kimmeridge  coal  of  the  south  of 
Bngland. 

In  this  section,  3  evidently  represents  the  Hunstanton  Red-rock 
(Gault?);  4,  the  upper  sands  (Upper  Neocomian?);  5,  6,  and  7, 
the  Tealby  series  (Middle  Neooomian) ;  8,  the  lower  sand  and  sand- 
stone (Lower  Neocomian  ?) ;  and  9,  the  top  beds  of  the  Kimmeridge 
Caay. 

The  most  interesting  point  about  the  above  section  is  the  great 
thickness  of  the  clays  6,  which  in  their  mineralogical  characters 
and  fossil  contents  precisely  resemble  those  of  the  Middle  Neocomian 
at  Speeton  Cliff.  As  we  proceed  southwards  the  clays  evidently  be- 
come much  thinner  and  subordinate  to  the  limestones,  while  these 
last,  on  the  other  hand,  are  very  extensively  developed*. 

IV.   GENERiLI.  SkBTCH  OP  THE  NbOCOMI.VN  BbdS  OF  THB  NoRTH  Of 

Enolaitd. 

The  most  striking  and  romarkable  circumstance  in  connexion  with 
the  stratigraphical  position  of  the  beds  of  Mesozoic  age  in  Yorkshire 
and  Lincolnshire,  and  that  which  it  is  always  necessary  to  bear  in 
mind  in  reasoning  on  their  relations,  is  tho  grand  unconformity 
which  exists  between  the  Cretaceous  and  Neocomian  series  (see 
section,  ^g.  2,  and  Table,  pS81*)*  Ii^  consequence  of  this  the  chalk 
beds  overlap  all  the  Neocomian  and  Jurassic  beds  in  succession  quite 
down  to  the  Lower  Lias.  Thus  the  Hunstanton  Red-rock  (the  base 
of  the  Upper  Cretaceous)  is  found  lying  in  succession  on  Upper  Neo- 
eomian  at  Speeton,  on  Lower  Neocomian  at  West  Heslerton,  on 
Portlandian  (?)  at  Enapton,  on  Kimmeridge  clay  at  North  Grimston, 
on  Coralline  Oolite  at  Leavening,  and  on  Inferior  Oolite  at  South 


sand,  each  of  which  is  coated  with  peroxide  of  iron,  while  the  grains  of  the  lin- 
oolnahiie  and  Gbrman  ores  are  almost  entirely  made  up  of  concentric  coats  of 
the  last-mentioned  substance. 

*  For  much  information  concerning  these  Lincolnshire  ores  I  am  indebted 
to  W.  Firth,  Esq.,  of  Leeds,  the  Managing  Director  of  the  Yorkshire  Coal  and 
Iron  Company. 
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Orimston.  Between  this  last  point  and  Sancton,  the  red-rock  over- 
laps successiyely  the  different  members  of  the  lias,  and  at  the  last- 
mentioned  place,  the  representative  of  the  Inferior  Oolite,  now  re- 
duced to  a  very  thin  bed,  is  again  uncovered.  As  we  approach  the 
Humber,  the  Kelloway,  the  Oxford,  and  the  Kimmeridge  successively 
reappear  from  beneath  the  Chalk :  and  crossing  into  Lincolnshire  we 
recover  the  Lower  (?)  Neocomian  at  Worlaby,  the  Middle  Neocomian 
at  Clixby,  and  the  upper  (?)  Neocomian  at  Nettleton  Hill. 

It  is  this  circumstance  of  the  overlap  of  the  Upper  Cretaceous 
beds,  combined  with  that  of  the  Neocomian  strata  dipping  at  a  high 
angle,  which  has  caused  these  latter  to  occupy  so  small  an  area  in 
Yorkshire. 

At  Speeton  Cliff  we  have  upwards  of  500  feet  of  Neocomian  clay 
exposed,  although  the  upper  part  of  the  series  is  not  here  complete. 

Of  the  Upper  Neocomian  clays  (above  160  feet  thick)  with  the 
well-defined  zone  of  the  cement-beds,  containing  the  remarkable 
fauna  so  exactly  agreeing  with  that  of  the  Atherfield  day  of  the 
South  of  England,  no  trace  is  discoverable  inland,  as  they  are  com- 
pletely covered  up  by  the  great  drift-deposits  of  the  Yale  of  Pick- 
ering. 

The  same  is  true  of  the  MiddU  Neocomian  (also  150  feet  thick) 
with  its  well-defined  fauna,  marked  especially  by  the  abundance  of 
the  gigantic  Pecten  cinctus  and  the  bands  with  numerous  specimens 
of  Ancyloceras  towards  its  base. 

Of  file  Lower  Neocomian  (200  feet  thick)  we  obtain,  however, 
distinct  traces  inland.  After  a  very  imperfect  reappearance  in 
Ileighton  Gill,  only  a  mile  from  the  cliff  section  (fig.  2),  the  upper- 
most beds  (zone  of  Ammonites  speetonensis)  are  quite  lost  under  the 
drift  for  a  distance  of  fifteen  miles ;  they  are  then  seen  again  at  West 
Heslerton,  when  on  the  very  point  of  disappearing  under  the  chalk 
in  consequence  of  the  overlap.  The  lowest  beds  of  the  Lower  Neo- 
comian are  also  found  at  Enapton,  when  about  to  be  similarly  lost 
under  the  Wolds. 

The  Neocomian  beds,  which  thus  disappear  at  Enapton,  are 
entirely  concealed  from  us  by  the  overlapping  Chalk  strata  for  a 
distance  of  over  forty  miles  (see  Map,  PI.  XXIII.  fig.  3).  In  this 
space  they  have  undergone  considerable  changes  both  in  thickness 
and  mineralogical  characters ;  but  the  several  subdivisions  are  still 
recognizable  by  means  of  their  characteristic  fossils. 

We  have  seen  that  the  whole  series  of  these  beds  in  Yorkshire 
consists  entirely  from  top  to  bottom  of  clays,  varying,  it  is  true,  in 
such  merely  accidental  characters  as  colour,  amount  of  pyrites,  the 
number  and  nature  of  the  enclosed  septaria,  and  the  abundance 
and  state  of  mineralization  of  their  fossils.  When,  however,  the 
Neocomian  beds  first  reappear  at  Worlaby,  in  Lincolnshire,  it  is  in 
the  form  of  a  coarse,  greenish-white  sand,  in  places  passing  into  a 
hard  sandstone.  The  deficiency  and  bad  state  of  preservation  of 
the  fossils  in  these  beds,  which  occupy  the  base  of  the  Wolds  from 
Worlaby  to  Clixby,  prevents  us  from  certainly  deciding  as  to  their 
place  in  the  series.     It  is  possible  that  they  represent  in  a  very 
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reduced  and  altered  form  the  200  feet  of  day  forming  the  Lower 
Neocomian  of  Speeton ;  it  may  be,  however,  that  they  are  only  to 
be  regarded  as  a  subordinate  bed  of  the  Tealby  Series,  in  which 
case  the  Lower  Neocomian  must  have  entirely  tlunned  out  and  dis- 
appeared in  the  forty  miles  which  intervene  between  Knapton  and 
Worlaby. 

Near  dixby  reappear  beds  from  beneath  the  Chalk  which  more 
nearly  resemble  their  equivalents  in  Yorkshire.  These  are  blue 
clays  containing  large  numbers  of  Perten  cincttut,  AncyloceraSy  and 
other  fossils,  but  which  differ  from  the  Yorkshire  Middle  Neocomian 
by  being  interstratified  with  subordinate  beds  of  yellow  sandy  lime- 
stone and  oolitic  ironstones.  As  we  proceed  southwards,  these 
latter  beds  become  thicker  and  of  greater  relative  importance,  till  at 
Tealby,  Willingham,  and  Hainton,  die  ironstones  having  gradually  dis- 
appeared, the  clays  become  greatly  diminished,  and  the  limestones  pro- 
portionately increased,  the  formation  assumes,  over  a  small  area,  an 
essentially  calcareous  character.  As  we  still  proceed  southwards, 
however,  we  find  this  limestone  formation  gradually  diminishing  in 
thickness,  and  finally  disappearing  altogether. 

The  highest  Neocomian  beds,  and  those  which  reappear  last  from 
beneath  the  Lincolnshire  Wolds,  have  assumed  the  arenaceous  cha- 
racter which  prevails  in  them  throughout  this  country.  Instead  of 
blue  clays,  they  consist  of  white  or  brown  almost  unfossiliferous 
sand  and  sandstone.  These  beds  are  persistent  long  after  the  lower 
portions  of  the  series  have  disappeared,  and,  stretching  southwards, 
pass  into  Norfolk,  where  they  are  known  as  the  '*  Carstone,"  and 
contain  at  their  base,  as  shown  by  Mr.  Wiltshire  *,  the  characteris- 
tic fossils  of  the  Upper  Neocomian. 

Still  farther  southwards  occur  the  thin  and  anomalous  but  highly 
interesting  fossilifcrous  deposits  of  Upware  and  Potton,  which  ap- 
pear to  form  the  link  between  the  Neocomian  deposits  of  the  north 
and  south  of  England. 

Y.  Results  op  a  Genebal  Compabison  of  the  Neocomian  Beds  of 

NOBTHEBN  ElTBOPE. 

Small  as  is  the  area  occupied  by  the  Neocomian  strata  now  ex- 
posed in  the  North  of  England,  there  is  abundant  evidence  that  beds 
of  this  age  were  originally  deposited  to  a  great  thickness  over  a  very 
wide  area  in  Northern  Europe.  A  concurrence,  however,  of  acci- 
dental circumstances  (namely,  the  overlap  of  the  Upper  Cretaceous, 
the  great  spread  of  diluvial  deposits  over  North-western  Europe,  and, 
finaUy,  the  great  breach  in  the  land  formed  by  the  North  Sea) 
have  caused  the  representatives  of  the  Neocomian  to  be  reduced  to 
a  few  comparatively  small  and  isolated  patches. 

Unlike  their  English  equivalents,  the  continental  beds  are  fre-* 
qucntly  much  disturbed  and  even  contorted,  and  the  Neocomian 
strata  usually  form  narrow  strips  along  the  flanks  of  hill-chains, 
the  wide  plains  between  which  are  covered  with  the  widely  spread 

*  Quart.  Joum.  Geol.  See.  vol.  xxv.  p.  189  (18C9). 
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*'  diluYial  sand  with  boulderB."  The  exposures  of  the  beds  in  ques- 
tion over  this  area  are  usually  of  a  very  limited  character,  and  are 
almost  entirely  confined  to  such  accidental  openings  as  stone-pits 
and  brickyards,  while  nowhere  does  any  such  key  to  the  relations 
of  the  beds  occur  as  that  which  is  afforded  by  the  grand  diff-sectioD 
of  Yorkshire.  Owing  to  these  causes  the  geologists  of  North  Ger- 
many have  been  reduced,  in  the  classification  of  their  Neooomian 
strata,  to  rely,  almost  solely,  upon  pakeontological  evidence,  espe- 
cially upon  that  obtained  by  comparison  with  the  typical  beds  of  the 
same  age  in  Switzerland.  An  examination  of  the  results  thus 
arrived  at,  side  by  side  with  those  obtained  by  the  study  of  the  very 
similar  and  much  more  favourably  exposed  beds  of  the  North  of 
England,  while  it,  on  the  whole,  confirms  the  views  now  generally 
held  by  Continental  geol(^ists,  yet  suggests  some  modifications  of 
those  views,  of  considerable  interest  and  importance. 

It  is  not  my  intention  to  attempt  any  thing  like  a  general  de- 
scription of  the  Neocomian  formation  in  Northern  Germany ;  this 
subject  has  been  already  most  admirably  treated  in  the  works  of 
Fr.  Ad.  Romer,  Geinitz,  Ferd.  Romer,  Beyrich,  Ewald,  and  especially 
of  von  Strombeck.  What  I  propose  is,  to  show  the  relations  of  the 
various  strata  of  this  age  in  Northern  Europe  with  those  in  the 
northern  parts  of  this  country.  To  qualify  myself  for  this  task  I 
have  visited  nearly  aU  the  most  typical  sections  in  North-western 
Germany,  and  have  examined  all  the  public  and  many  of  the  private 
collections  of  fossils  in  that  district ;  and  it  is  with  much  pleasure  that 
I  take  the  present  opportunity  of  acknowledging  the  great  amoimt 
of  kind  assistance  which  I  received  from  several  distinguished  German 
geologists,  among  whom  I  may  especially  mention  M.  von  Strombeck, 
of  Brunswick,  M.  Hermann  Romer,  of  Hildesheim,  and  M.  Witte,  of 
Hanover. 

1.  Helu/oland, — We  have  seen  that  at  Speeton  the  Neooomian 
strata,  even  before  their  fuU  emergence  from  beneath  the  overlap- 
ping Chalk  strata,  are  cut  off  by  the  denuding  action  of  the  North 
Sea.  Intermediate  between  this  section  and  those  of  North  Germany, 
an  important  and  extremely  interesting  link  is  afforded  by  the  beds 
exposed  in  the  Kttle  island  of  Heligoland,  which  is  rapidly  wasting 
away  beneath  the  waves  of  the  German  Ocean.  The  strata  in  ques- 
tion are  exposed,  not  in  the  cliffs  of  the  present  island,  but  in  certain 
banks,  visible  only  at  low  water,  about  a  small  islet  which  is  said  to 
have  been  separated  from  the  main  island  within  historical  times. 
The  beds  appear  to  be  inclined  at  a  considerable  angle ;  and  their 
succession  is  as  follows : — 

(1)  White  Clialk,  containing  a  large  series  of  fossils,  agreeing  precisely  with 
those  of  the  Lower  Chalk  of  Yorkshire  and  Lincolnshire. 

(2)  Variable  beds  of  '<  rust-jellow  and  yellowish  red  chalk  or  limestone/' 

some  ef  which  become  more  or  less  sandy,  containing  Belemniiea  nUni" 
mu8,  List 

(3)  Blackish-blue  pyritous  clays  (called  7%^),  containing  many  fossils  mine- 

ralized by  iron  pyrites. 

(4)  Beds  with  Ozforaian  fossils,  followed  by  others  with  Lias  fosidls. 
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The  agreement  of  these  strata  with  certain  portions  of  the  York- 
shire series  is  very  striking  and  remarkable.  The  bed  2  is  shown, 
by  its  petrological  characters,  its  stratigraphical  relations,  and  its 
characteristic  fossil  to  be  the  ''  Hunstanton  Red-rock." 

The  Tock  (3)  is  very  fossiliferous.  The  following  is  a  list  of 
the  species  wbich  have  been  recorded  from  it,  excluding  the  doubtful 
ones  (founded  on  the  small  fragments  of  Ancyloceras,  which  are  very 
numerous  here  *). 


Belemnites  jaculum,  PhU. 

lateralis,  Phil. 

Ammonites  speetonensis,  Y.  4"  B. 

,  var.  yenustus,  PhiL 

,  Tar.  ooncimius,  PhU. 

TU'vsQA,  IT  Orb. 

rotala.  Sow, 

Ancjloceras  (Criooeras)  DuTali,  lAv. 


Anoyloceras  ( Criooeras)  Emmerici,  L4v. 

f  Criooeras)  Puzosianus,  If  Orb, 

(Hamites)  raricostatus,  PhU, 

Thracia  Phillipsi,  Riim, 
Pfaolas  oonstricta^  Phil, 
Serpula  Phillipsi,  Rom, 
Rhynchonella  nuciformis,  Sovd.  sp.  ? 
FLm-remains. 


On  a  comparison  of  this  list  with  that  given  in  my  paper  on  the 
Speeton  day  t>  it  will  be  found  that  of  the  fourteen  forms  twelve 
occur  in  our  *•'  zone  of  Ammonites  gpeetonensis^  some  of  them  being 
highly  characteristic  of  that  zone.  Serpula  Phillipsi  occura  in  the 
beds  immediately  above  those  with  Am,  speetonensis  at  Speeton ;  but 
in  my  personal  searches  (on  which  alone  the  lists  are  based)  I  did 
not  succeed  in  finding  it  lower  down  in  the  series ;  in  Germany, 
liowever,  this  fossil  certainly  ranges  downward  to  the  bottom  of  the 
Neocomian.  Concerning  the  fossil  called  Terehratvla  nuciformis^ 
Sow.,  by  Prof.  Wiebel,  I  feel  much  doubt,  but  would  suggest  that 
it  may  not  improbably  be  the  Khynchonella  lienau^viana  of  D'Or- 
bigny. 

From  the  conclusive  evidence  just  adduced,  there  cannot,  there- 
fore, be  any  doubt  that  in  the  little  i^and  of  Heligoland  (a  mere 
speck  in  the  German  Ocean)  we  have,  preserved  in  a  very  remarkable 
manner  amid  the  general  destruction  of  the  strata  of  this  area, 
most  interesting  vestiges  of  the  "  Hunstanton  Bed-rock,*'  and  of  the 
"  zone  of  Amm4mites  speetonensis "  of  the  Yorkshire  series.  The 
relation  of  these  in  the  island  of  Heligoland  is  precisely  the  samo 
as  in  the  pit  above  described  at  West  Heslerton.  Heligoland  is 
situated  325  miles  due  east  of  Speeton,  and  150  miles  from  the 
nearest  exposure  of  the  Neocomian  beds  on  the  Continent. 

2.  Holland, — ^Although  this  country  is  now  almost  completely 
covered  with  drift  and  alluvial  deposits,  I  found  in  the  great  Mu- 
seum of  Natural  History  at  Leyden,  interesting  evidences  of  the 
former  wide  extension  of  the  Neocomian  strata.  Among  the  large 
collections  of  boulders  in  that  museum  are  a  number  composed  of 
a  peculiar  yellow  limestone,  precisely  similar  to  that  of  Tealby, 
and  in  some  cases  enclosing  specimens  of  the  highly  characteristic 
Pecten  cinctus.     Boulders  of  the  same  material  are  not  rare  in  the 

♦   Vide  Ft.  Ad.  Romer,  Verst.  nordd.  Kreidegeb.  (1841).     Wiebel,  Die  Tnsel 
Helgoland  (Hamburg,  1848). 
t  Quart.  Journ.  Geol.  Soc.  fol.  xxir.  p.  235. 
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eastern  counties  of  England ;  and  it  was  from  a  block  of  this  kind  in 
Suffolk  that  one  of  Sowerby's  type  specimens  of  Peden  cinctua  was 
obtained. 

According  to  Murchison  and  Nicol's  Geological  Map  of  Europe 
(1856),  Cretaceous  strata  containing  Pema  MvUeti  and  Crioeeras 
Duvali  occur  at  the  village  of  Losser,  near  to  Oldensaal,  on  the 
western  borders  of  Holland.  These  beds  have  been  described  bj  H. 
Ferd.  Romer  ♦,  to  whom  the  fossils  collected  at  Losser  have  been 
submitted  by  the  General  Commission  for  the  Geological  Examina- 
tion of  the  Netherlands.  Under  a  thin  covering  of  the  sandy  drift, 
which  completely  masks  all  the  country  around,  is  found  a  bed  of 
yellow  ironshot  sandstone,  very  similar  to  that  of  the  Teutoburger 
Wald',  and  containing  the  following  fossils,  which  enable  us  to 
refer  it,  without  doubt,  to  the  MiddU  Neocomian : — 


Ammonites  Decheni,  ROm,  (A.  bidi- 

cbotomuB,  Ijeym.,  jmiior). 
Anojloceras  (Criooeras)  Duvali,  Liv, 
Exogyro  siiiaata,  Sow. 
Pecten  cinctoB,  Sow, 
Pema  Mulleti,  Desk. 
I^mia  (the  same  species  as  in  the  Teu- 

toburger-Wald  Sandstone)  near  to 

Pmna  Neptun%  D'Orb. 


lima  longa,  Bim, 

Lima,  sp.  (the  same  that  is  abundant  at 

GKldehaus). 
Trigonia^  sp. 
Pholadomya,  sp. 
Gbniomya,  sp. 
Heteropora  ramosa,  Rdm. 


3.  Westphalia. — Passing  eastwards  we  find  the  first  exposures  of 
the  Neocomian  of  North-western  Germany  in  the  hill-group  of  Bent- 
heim.  Here  the  formation  is  represented  by  beds  of  yellowish  grey 
sandy  limestone,  very  similar  to  that  of  Tealby,  which  passes  insensibly 
into  hard  sandstones,  and  in  places  contains  thick  beds  of  blue  day. 
These  beds  and  the  similar  ones  of  the  Teutoburger  Wald  were  for- 
merly classed  with  the  Quader;  the  settlement  of  the  question  of 
their  true  age  is  due  to  Professor  Ferd.  Eomer  f.  The  list  of  the 
fossils  which  he  gives,  from  Gildehaus,  near  Bentheim,  shows  that 
these  limestones,  like  those  of  Lincolnshire,  are  referable  to  the 
Middle  Neocomian.     The  following  is  the  list : — 


Crioeeras  DuTvdi,  L^. 

BelemMtes  lateralis,  Phil, 

"PBnopsstL  neooomiensis,  J)esh.  sp.  (large 

form). 
Thraoia  Phillipsi,  Bom, 


Avicula  Comueliana,  1/  Orb, 

Lima,  sp. 

Peoten  dnctus,  Sow. 

orlHcularis,  Sow. 

Exogyra  sinuata,  Sow. 


The  Neocomian  strata  stretch  in  a  band,  running  in  an  easterly 
direction  from  Bentheim  to  a  point  on  the  Ems,  between  Bbeine 
and  Salzbergen.  At  the  eastern  end  of  this  band  the  beds  pass  into 
black  day  Ml  of  septaria. 

In  the  same  district,  but  considerably  to  the  south,  near  Ahaus, 
there  occur  black  plastic  clays,  containing  a  bed,  a  little  over  one 
foot  thick,  of  pyritous  argillaceous  stone,  containing  the  following 
fossils : — 

*  Zeitschrift  d.  deutsch.  geol.  Gfesell.  yi.  (1854)  p.  124. 
t  Neues  Jahrb.  fur  Min.  u.  s.  w.  1860,  p.  385. 
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Terebratula  Moatomana,  UOrb. 
Megerlia  tamarindus,  Sow,  sp. 
Bhynchonella  aotidichotoma,  Buv,  sp. 

GHbbsiaiia,  8ow. 

TerebratoU*  Astiarium,  IfOrh. 
Holaster  lieris,  Jg, 
?  Hemiaster  phrynus,  Dt9or, 
Species  of  Bostollaria,  Pleorotomaria, 
Inooeramos,  &0. 


1870.] 

Belemnites  bnuuwioensis,  Von  Strotnb. 
Ammonites  Deshayesi,  L^fm. 

Martini,  1/  Orb. 

1  sp. 

»  «P' 

Criooeras?  sp. 
AncjlooeraseifiaSy&to,  sp.  (A-Benauz- 

uaiu»,lXOrb.). 
Panopeea  neooomiensis,  1/Orb, 
Pinna  Bobinaldina,  U  Orb, 

This  fauna  enables  us  to  refer  this  bed  with  certainty  to  the 
Upper  Neocomian. 

The  succession  of  beds  described  by  M.  Hosius  *  as  occurring  at 
Ochtrup,  intermediate  between  Bentheim  and  Ahaus,  enables  us  to 
bring  into  connexion  the  sandstones  of  the  former  place  with  the 
days  of  the  latter. 

Under  Gault  days,  abounding  with  Bdemnitss  minimtiSf  list.,  we 
find:— 

il^  Iron  sandstone  without  fossils. 
2)  Clays  with  septaria,  and  hard  bands  containing  :— 
Ancylooeras  gigas,  Sow,  sp.  (A.  Be- 

nauzianus,  JT  Orb.). 
—  Mafheronianus,  DOrb, 


Ammonites  Deshayeei,  L^m. 
Martini,  D'Ori. 


Belemnites  brunswioensis,  Von  Stromh. 

These  beds  are  evidently  the  same  as  those  of  Ahaus,  i.  e.  Upper  Neooomian,  and 

on  the  same  horizon  as  the  "  Cement-beds ''  of  Speeton. 

(3)  Clays  containing  Belemnites  jaculum,  Phil.,  abundantly,  and  Bel,  bruns- 

foicensisj  Von.  Stromb.,  rarely.    These  beds  correspond  with  the  upper 

Sjpart  of  the  Middle  Neooomian  of  Speeeton. 
4)  Unfossiliferous  clays. 
5)  Sandstones,  sometimes  coarse  and  quartzose,  and  at  other  times  ironshot. 
Prom  these  no  fossils  are  recorded,  but  they  are  probably  the  same  as 
those  of  GKldehaus.    They  lie  directly  upon 
6)  The  "  Walderthon." 

Along  the  Teutoburger  Wald,  from  Ibbenbuhren  to  Bielefeld, 
the  beds  of  yellowish-brown  sandstone,  like  those  of  Bentheim, 
and  of  considerable  thickness,  frequently  form  the  highest  point  of 
the  chain.  These  beds  at  times  pass  into  limestones  and  ironstones 
and  are  associated  with  thick  beds  of  blue  clay.  Everywhere  they 
appear  to  be  characterized  by  the  abundance  of  large  specimens  of 
Pecten  einetus,  Sow.  The  same  strata  occur  similarly  in  the  rai^e 
of  the  lippischer  Wald,  which  forms  a  continuation  of  the  Teuto- 
burger Wald  in  a  south-easterly  direction,  and  in  the  chain  of  the 
Egge  Gebirge,  which  from  the  former  runs  in  a  southerly  direction 
from  Detmold  to  near  Warburg  f. 

Prom  the  Sandstones  of  the  Teutoburger  Wald  the  following  fos- 
sils have  been  recorded,  which  clearly  indicate  their  identity  with 
the  similar  strata  of  Gildehaus  and  JJiaaeT,  and  that,  like  these,  they 
are  to  be  referred  to  the  same  horizon  as  the  Tealby  Limestones  and 
the  middle  portion  of  the  Speeton  Clay. 

*  Beitrage  sor  Oeognosie  Westphalens,  Zeitschr.  d.  deutsoh.  geoL  Gesell.  xii. 
(1860)  p.  S. 

t  Vide  Ferd.  Romer.  Leonh.  und  Bronn's  Jahrb.  1845,  p.  267 ;  1850,  p.  385 ; 
1852,  p.  185 ;  also  Zeitschr.  d.  deutsch.  geol.  Gesell.  yi.  1854,  p.  99,  Ac. 
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Belemnites  lateralis,  PMl. 

NantilaB  pseudo-elegaiiB,  D*  Orb. 

AmmoniteB  bidichotomus,  Leym. 

Dechenii  Som.  (A.  bidichotomus 

junior). 

noricuB,  Schlotk. 

—  GeiTilianus,  DfOrb. 

.  flp. 

Ancjlooeras  grande,  Soto.  sp. 

(Criooeras)  Emmerioi,  Lie. 

(Criocerae)  Duvali,  lAv. 

Pleorotomaria  Fittoni,  Riim. 

Ostrea  macroptera.  Sow. 

Ezogyra  sinuata,  Soto.  (A.  aquila* 
Brong.). 

Pecten  cinotua,  8oto.^  rery  abundant. 

orbicularis,  Sow. 

'—•  xnuricatus,  Goldf. 

atayus,  R&m. 

Tnooeramus  lobatus,  Munst. 

Pema  MuUeti,  Desk, 

Gervillia  anoeps  ?  Desh. 

Avicula  Cornueliana,  IXOrb.  (A.  ma- 
croptera, Rom.). 

,  sp. 

Pinna  gradlis,  Phil.  (P.  rugosa,  Rom.). 

Lima  moreana,  ?  2/  Orb. 

,  sp. 

Modiola  reverm.  Sow. 

Area  exaltata,  Nilss. 

glabra,  Sow. 

conoentrica,  Rom. 

Pectunculus  umbonatus,  Sow.  (P.  de- 
cussalufl,  Rom.). 


Cardinm,  sp. 

Isocardia  neocomiensiB,  IXOrb.  (Cero- 

mya  neooomiensis,  Ag.). 
Trigonia  pulcbella,  ?  Reuss. 

diyaricata,  D  Orb. 

rudis,  Park. 

Thetis  Sowerbyi,  R&m,,  var.    major. 

Sow. 
Thetis  Sowerbyi,  Tar.  minor.  Sow. 
Thrada  PhiUipsi,  Rim, 
—  eloneata,  Rom. 
Panopeoa  Komeri,  Gein. 

plicata,  Sow. 

mandibula,  Sow. 

Pholadomya  elongata,  MUnsf.  (P.  gi. 

gantea,  Sow.). 

altemans,  Rom. 

designata^  Golc^. 

noduUfera,  MUnst. 

Anatina  Cornueliana,  ?  U  Orb. 
Waldheimia  oeltica,  Mor.  (Ter.  longa, 

Rim.). 
Terebratula  pnelon^  Sow.  (T.  bipli- 

cata,  var.  acuta,  \  on  Buch^. 
Bhynchonella  multiformis.  Rim. 
lingula  truncata,  Sow.  »  L.  Meyeri, 

Dunker. 
Diadema,  sp.  (veiy  rare). 
Holasterltevis,  Rom. 
Toxaster  complanatas  Ag.  (one  speci- 
men). 
Heteropora  ramosa,  Dunk.  8c  Koch. 
Ceriopora  (Alveolites)  tuberosa,  Rom. 
Eschara,  ep. 


4.  Hanover. — Passing  over  a  considerable  area  in  which  no  ex- 
posure of  Neocomian  beds  is  found  (with  the  exception  of  a  clay 
near  Minden,  abounding  with  Thracia  PhiUipsi,  Bom.),  we  come 
into  Hanover,  the  native  country  of  M.  Fr.  Ad.  Rdmer,  and  that  in 
which  these  strata  were  most  fully  described  and  illustrated  by 
him,  under  the  names  of  "  Hilsthon  "  and  "Hilsconglomerat"*. 
More  recently,  the  strata  of  this  country  have  been  mapped  by  his 
brother,  M.  Hermann  Romer. 

The  Neocomian  beds  of  Hanover  are  chiefly  exposed  on  the  flanks 
of  the  various  hill-chains  of  the  country  (which  rise  above  great 
plains  covered  with  drift),  as  the  Deister,  the  lindener  Berg,  the 
Osterwald,  the  Suntel,  and  especially  the  Hils,  from  which  latter 
the  beds  take  the  name  by  which  they  are  most  generally  known  in 
Northern  Germany. 

Throughout  Hanover,  the  Neocomian  is  usually  represented  by 
thick  beds  of  blue  clay  (Hilsthon)  which,  however,  locally  pass  into 
oolitic  ironstones  and  sandstones.     The  upper  part  of  these  clays 

*  The  name  "  Hilsconglomerat "  was  applied  to  a  number  of  strata  of  some- 
what different  ages,  viz. : — 1.  the  Greensand  of  Essen  or  the  Tourtia  (of  Upper 
Qreensand  age  ?) ;  2.  the  ironstones  of  Steinlahde,  the  Osterwalde,  &c.  (Middle 
Neocomian) ;  3.  the  Lower  Neocomian  Limestones  &o.  of  Brunswick. 
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contains  an  eminently  ApUan  or  U^^er-Neocomian  fimna,  including 
Ammonites  Deshayesi^  Leym.,  A,  Martini,  D'Orb.,  Am.  Nisus,  D'Orb., 
&c. ;  while  the  lower  portion  contains  a  fauna  which  is  as  unmis- 
takably that  of  the  Middle  Neocomian,  comprising  Pecten  cinctuSy 
Sow.  (of  large  size  and  in  great  abundance),  Ammonites  dypeiformis, 
D'Orb.,  Thracia  FhiUipsi,  Bom.,  Serptda  PhiUipsi,  Bom.,  Meyeria 
oniata^  Phil,  sp.,  and  Terthratula  hippopus.  Bom. 

The  Upper  Neocomian  beds  do  not  appear  to  be  generally  well 
exposed  in  this  country,  and  only  a  small  fauna  has,  as  yet,  been 
recorded  from  them  ;  the  Middle  Neocomian,  on  the  other  hand,  is 
admirably  exhibited  at  a  number  of  different  points,  and  has  yielded 
a  large  and  very  interesting  series  of  fossils. 

A  few  years  ago  a  canal,  which  passed  along  the  base  of  the  lin- 
dener  Berg,  about  a  mile  from  the  town  of  Hanover,  very  well  ex- 
posed the  Middle  Neocomian  beds  of  the  Hilsthon,  the  fossils  of 
which  were  collected  by  M.  Witte.  Among  these  fossils  I  was 
able  to  identify  the  following  : — 


Ammonites  djpeiformis,  D'Orb. 

miurginatoB,  PhU, 

rutula,  Sow, 

Niaus.ZyO*. 

Fecten  cinctiiB,  Sow. 
Pholadomya  altemanB,  Rom. 


lima  (several   well-known  Speeton 

forms). 
Thracia  Fbillipsif  Rom.  (very  large). 
Terebratula  hippopus,  R&tn. 
Meyeria  omata,  FhU.j  sp.  (very  abun- 


To  the  south-west  of  the  town  of  Hanover,  along  the  northern 
foot  of  the  Deister,  the  lower  beds  of  the  Hilsthon  are  again  well 
exposed.  They  rest  directly  upon  the  "  Walderthon,"  and  consist 
of  greyish-blue  clays  (from  60  to  70  feet  thick),  full  of  septaria  of 
a  greyish-brown  colour,  and  nodules  of  pyrites.  At  Bredenbeck, 
in  this  district,  the  following  large  and  interesting  fauna  has  been 
found : — 


Belemnites  lateralis,  PhU. 
Ammonites  concinnus,  Phil. 

Phillipsi,  Rom.  (?). 

muUiplicatus,  Rim. 

margmatos,  Phil. 

nucleii8,PM.  (?) 

—  noricus,  Schloth. 

currinodus,  Phil.  (?) 

radiatus,  JBruo.(A.  asper,  Jfma»). 

GervilianuB,  i^Ori. 

Ancylooera8(Crioceras)^mmerici,  LSv. 
Aaricula  striata,  Rdm. 
Panopaea  plicata.  Sow. 
Pleuromya  solenoi'des,  Rom. 


Thracia  Phillipsi,  Rom. 
Cucullssa  Sohusteri,  Rom. 
Pholas  oonstricta,  Rom. 
Modiola  pulcherrima,  Rom. 
Avicula  pectinata,  Sow. 
Pecten  cinctus,  Sow. 

orbicularis,  Sow,  (P.  laminosus, 

MuTui.). 

striato-punctatus,  Rom, 

Palscmon  (?)  dentatus,  Rom, 
Meyeria  ornate,  Phil.  sp. 
PoUicipes  radiatus.  Rim. 
Serpula  ^uinquecarinata,  Rim. 
antiquata.  Rim, 


Southwards  from  the  Deister  the  same  beds,  under  somewhat  dif- 
ferent conditions,  are  again  exposed  in  the  Osterwald.  We  find 
these  blue  clays  of  the  usual  character,  containing  the  following 
fossils : — 


Ammonites  dypeiformis,  D'Orb. 
Modiola  rugosa.  Rim. 
Pholas  oonstricta,  Rim, 


Pholadomya  altemans,  Rom, 
Ljonsia  (?)  elongata,  Reuss, 


Digitized  by 


Google 


340 


P1100EEDIN08  OF  THE  6B0L06ICAL  SOdETT.  [Feb.  23, 


At  this  place,  however,  the  clays  are  associated  with  beds  of  lime- 
stone and  coarse  sand,  passing  into  oolitic  and  conglomerate  iron- 
stones.    These  beds  have  yielded  the  following  fossUs. 


Ayicula  Comueliana,  If  Orb,  {k.  ma- 

croptora,  5o»i.). 
Modioli  rugoaa,  Ron^ 
Tbetis  Sowerbyi,  B'&m, 
Thracia  Phillipsi,  Bom, 
Panopsea  Bomeri,  Gein, 
Pholaidoni  ja  altemans,  Uom, 
Bhynchonella. 


arcnoduB  Hartlebeni,  Bom, 
eyeria  omata,  VhU.  sp. 
Serpola  axiffuloea,  Bom, 
Belemnites  lateralis,  'PhtSL, 
Ammonitfee  bidichotomus,  Ltym, 
Nautilui^  sp. 
Turbo  clathratos,  Bom, 
Ezogyra  sinuata,  Bow. 
Pinna  gracilis,  mi,  (P.  rogooa^  Bom^. 

Yery  similar  to  those  of  the  Osterwald  are  the  beds  exposed  at 
several  points  in  the  valley  of  the  Inner,  especially  at  Steinlahde, 
near  Salzgitter,  where  the  ironstone  has  for  a  long  time  past  been 
extracted  by  means  of  a  great  open  working.  The  section  seen 
here  is  as  follows,  the  beds  dipping  £.  63^. 

(1 )  Flammenmergd  (Ghmlt) ,  with  the  usual  characters,  light-oo- 
loured  and  yariegated  days,  curiously  striped  (fancifully 

supposed  to  resemble  flames,  hence  the  name) 20  feet  seen. 

(2)  Variegated  purpliah-red,  yellow,  and  bluish  days,  with 

sevexil  irregular  laypn  (each  about  6  inches  thick)  of  argil- 
laceous limestone.  Through  these  beds  fragments  and  ooli- 
tic remains  of  ironstone  are  disseminated,  but  sparingly...     40  feet 

(3)  Ironstone  conglomerate,  made  up  of  irregular  nodules  of 
Tarious  sizes  and  of  perfectly  round  and  beautifully  po- 
lished oolitic  grains  of  brown  ironstone.  The  bed  is 
crowded  with  fossils,  the  gigantic  Pect«n  cinctus  being 
especially  abundant 15  feet 

(4)  Light-brown  calcareous  sandstone  (resembling  that  of  Lin- 

colnshire), containing  enormous  numbers  of  Pecten  cinc- 

^us,  Exogvra  sinuata,  and  other  fossils Thickness  10  to  25  feet 

(5)  Variegated  clays  similar  to  2. 

The  beds  in  this  neighbourhood  are  evidently  very  variable  in 
character.  A  shaft  snnk  near  the  mine  exhibits  very  pyritons  blue 
days,  with  many  bands  of  argillaceous  limestone,  covered  by  beds  of 
white  sand  and  sandy  limestone.  The  oolitic  ironstones,  with  pre- 
cisely similar  characters  to  those  of  Steinlahde,  are  also  dug  at 
some  other  points  in  the  neighbourhood  of  Salzgitter,  as  at  Oster- 
holz.  These  ironstones  yield  the  following  fossib,  which  enable  us 
to  refer  the  beds  with  certainty  to  the  horizon  of  the  Middle  Neo- 
comian.  We  have  already  pointed  out  the  striking  similarity,  both 
in  mineral  character  and  fossil  contents,  of  these  beds  to  those  of 
our  Tealby  series. 


Belemnites  jaculum,  PM. 

lateralis,  PMl, 

Ammonites  bidichotomus,  Leym, 

noricus,  Sehloth, 

Ancyloceras  ^Crioceras)  Emmerici,Z^t>. 
Nautilus  radiatus,  Sow. 


Ezogyra  sinuata.  Sow. 
Pecten  cinctus,  Sow. 
Panop«a  neocomiensis,  JDesh,^  sp. 
Terebratula  hippopns,  Biim, 
sella,  Sow. 


It  is  interesting  to  notice  that  the  Flammenmergd  (the  represen- 
tative of  the  Gaidt)  appears,  at  Steinlahde  and  at  some  other  points. 
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to  rest  directly  upon  the  Middle  Neooomian  beds.  Thu  fact,  taken 
in  conjunction  with  that  of  the  Neocomian  being  so  frequently  over- 
lapped by  the  beds  of  the  Upper  Cretaceous,  appears  to  point  to  the 
conclusion  that* in  Northern  Germany,  as  in  this  country,  an  uncon- 
formity exists  between  the  two  series. 

In  the  low  land  in  the  neighbourhood  of  Hildesheim  the  clays  of 
the  Middle  Neocomian  again  occur,  but  are  only  exposed  in  a  few 
day-pits.     In  these  I  collected : — 

Ancjlooens  (Criooeras^  Emmerioi,X^.      Peoten  oinotus,  Sow, 
Belnnnites  jacalam,  FhU.  &c.  &c. 

Exogyra  sinuata,  Sow, 

In  the  chain  of  the  Hils  the  deposits  of  Neocomian  age  are  very 
well  developed.  The  locality  of  ElHgser  Brinke,  near  Delligsen,  is 
especially  celebrated — the  beds  here,  which  were  at  first  referred  to 
the  Jurassic  System  (Oxfordian  and  Kimmeridge),  having  yielded  a 
very  large  suite  of  fossils,  particularly  rich  in  Brachiopoda  and 
Sponges. 

I  found  the  beds  at  this  place  to  consist  of  blue  clays,  with  a  few 
septaria  of  a  whitish  colour,  and  also  some  scattered  irregular 
nodules  of  brown  ironstone.  At  a  considerable  depth  in  this  clay 
occurs  a  bed  (not  now  exposed)  of  argillaceous  limestone,  crowded 
with  oysters,  brachiopods,  and  other  sheUs  *.  The  following  fossils 
have  been  obtained  from  EUigser  Brinke,  the  beds  at  which  place 
appear  to  represent  the  lowest  portion  of  the  Middle  Neocomian,  or 
the  top  of  the  Lower  Neocomian. 


BelemniteB  lateralis,  Phil.  (B.  sabqaa- 
dratus,  Bom.). 

—  jaoulum,  PhU.    (B.    piBtillum, 
Sim.). 

Nautilus  radiatiia,  Sow. 
Ammonitae  noricus,  Schloth. 

radiatus,  Brug.  (A.  asper,  Me- 

Han). 

cljpeiformis.  If  Orb. 

Pleiirotomaria  suprajurensis,  Horn. 

gigantea,  Sow.  (P.  striata,  Sow.). 

Turbo  dathratus,  Bom.  (T.  subdathra- 

tu8,I^0r6.). 
sulcatus,  Koch. 

—  hilseana,  Koeh. 
Trochus  scaUuris,  B6m. 
Ostarea  macropt^ra,  Sow. 

Exogyra   sinuata,    Sow.    (O.    aqoila, 
Brong.). 
'  Boussingaulti,  2^  Orb.  (E.  subpli- 
,Bom.). 


:Exo^n  tuberouUfera,  D.  #  K.   (£. 

spiralis,  and  reniformis,  Goldf.). 

undata.  Sow. 

haliotoidea. 

Plioatola  omata,  Goldf- 

imbrioata,  Koch  ^  Dunker, 

Pecten  dnotus,  Sow.  (vejT  rare). 

striato-punctatuB,  Bom. 

Avieula  Comueliana,  DOrb.  (A.  ma- 

croptera,  Bom.\  rerj  abundant. 
Pema  Mulleti,  Desh.  (yeiy  rare). 
Lima  plana,  Bom. 

subrigida,  Biim. 

longa,  B6m.  (L.  elongata,  Bom.). 

striata,  Bom. 

Modiola  rugosa,  Bom. 

puloherrima.  Bom, 

Area  ezBoulpta,  Koch. 

Nuoula  Aub^gona,  Bom  (?  N.  subtri- 

angula,jr.  ^  D.). 
Venus  parra,  Sow.  (V .  vahinAeihjBom. ). 


^  In  this  bed  was  found  a  single  specimen  of  Pema  MuUeti^  Desh.,  a  shell 
which  has  also  occurred  in  considerable  abundance  in  sandstones  of  the  same 
age  (Middle  Neocomian)  in  the  Teutoburger  Wald  and  in  Holland.  M.  Comuel 
records  it  (BulL  Soc  G^l.  Fr.  2m«  s^r.  t.  viii.)  from  the  Upper  and  Lower  Neo- 
comian of  the  Dept.  of  the  Haute-Mame;  in  tbis  country  it  has  only  occurred  in 
the  Upper  Neocomian  Atherfield  Clay  and  the  cement-beds  of  Speeton. 


Digitized  by 


Google 


342 


PROCEEDINGS  OF  THE  6E0L0OTCAL  80CIETT.     [Feb.  23, 


Waldbeimia  oeltica,  Mor.  ep. 
Terebntula  oblonga,  Sow.  {T,  Mpli- 
cata,  Tar.  acata,  Von  BucK). 

faba,  Sow. 

tamarinduB,  Sow. 

PuBcheana,  Rom. 

iella,  Sow, 

Bhynchonella  yarians,  Schloth.  (?) 

multiformis,  Rim. 

SenauxJana,  DOrb. 


Crania  irregularis,  R&in.  (Crania  aub- 

quadratuB,  K,  ^  J).). 
Se^ula  Fhillipsi,  R&n^ 

antiquata.  Sow. 

Pollioipes  Hausmanni,  Ihmk.  ^  Koch. 
Asterias  (?)  Dunkeri,  Rom. 
Cidaria  variabilis,  Dunk.  4"  Koek. 
Pentacrinus  annulatus,  Rom. 
Synhelia  Meyeri,  K.  4'  D.  sp. 
Sponges. 


The  railway  from  KreienBen  to  Holzminden,  which  was  constructed 
between  1861  and  1864,  passes  along  the  south-western  foot  of  the 
Hils-chain,  and  in  a  series  of  cuttings  yields  a  number  of  valuable 
sections,  which  have  been  fully  described  by  Dr.  Brauns  *. 

Underneath  the  ''  Flammenmergel,"  presenting  the  usual  charac- 
ters and  containing  Gault  fossils,  occurs  the  "  Hilssandstein,"  a 
thick  series  of  sands,  usually  soft  and  light-coloured,  but  occasion- 
ally greenish  and  containing  an  argillaceous  matrix,  at  other  times 
with  veins  and  partings  of  a  deep  brown  colour.  In  places,  these 
sands  are  indurated  into  stone ;  and  a  valuable  building-material  is 
quarried  from  the  upper  part  of  the  series.  In  the  lower  parts  occur 
beds  of  ironstone,  wMch  are  worked  by  open  adits  driven  into  the 
hill-side.  This  series  of  sands,  which  is  over  300  feet  in  thickness, 
resembles  in  a  most  striking  manner  the  Shanklin  sands  of  the  south 
of  England  and  the  Upper  Neocomian  sands  of  Lincolnshire.  Un- 
fortunately the  Hilssandstein  has  pelded  but  very  few  fossils,  only 
a  few  fragments  of  Hamites,  and  one  Ammonite  {A,  Milletianug, 
D'Orb.)t  having  been  recorded  from  it.  M.  von  Strombeck  is  in- 
clined to  refer  &ese  beds  to  the  Gault ;  but  I  cannot  help  thinking 
that  they  will  be  found  to  represent  the  upper  part  of  our  "  Lower 
Greensand" — that  is,  the  highest  beds  of  the  Upper  Neocomian. 

Underneath  the  Hilssandstein  occur  beds  of  light-coloured  tena- 
cious clay,  70  feet  thick,  containing  Belemnites  Ewaldiy  Von  Stromb., 
Isocardia  angtdata,  Phil.,  a  Nucida,  and  a  small  Pleurotomaria. 
These  beds  are  probably  on  the  same  horizon  as  our  Atherfield  Clay 
and  the ''  Cement-beds  "  of  Speeton ;  that  is,  the  base  of  the  Upper 
Neocomian. 

Beneath  these  we  find  beds  of  dark-coloured  clay,  170  feet  thick, 
interstratified  in  their  lower  portion  with  layers  made  up  of  grains  of 
hydrated  peroxide  of  iron.  These  strata,  which  rest  on  the  Wealden, 
yield  a  Middle-N eocomisji  fauna,  including  : — 


Terebratula  seUa,  Sow. 
Waldheimia  oeltica,  Mor. 
Rhynchonella  depressa,  UOrh. 


Belemnites  lateralis,  Phil. 
Ammonites  noricus,  Schloth. 

bidichotomus,  Lei/m.  ? 

Ancjloceras  (Criooeras)  Duvali,  L^v, 

5.  The  Hartz. — Along  the  northern  foot  of  the  Hartz  range, 
between  Harzburg  and  Goslar,  there  occur,  as  shown  in  the  maps 

*  "  Die  Stratigrapbie  und  Palaonto^phie  des  sudostliohen  Theiles  der  Hils- 
mulde  "  u.  h.  w.,  P;Uicontographica,  xiii.  p.  75  (Jan.  7, 1865). 

t  This  fossil  occurs,  according  to  M.  Comuel,  both  in  the  Gault  and  in  the 
Neocomian  of  France. 
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of  Prof.  Beyrich  *,  beds  clearly  referable  by  their  fossils  to  the  Noo- 
comian.  'Diese  beds  dip  at  a  very  high  angle  (70°),  and  perhaps 
form  an  anticlinal ;  they  consequently  occupy  only  a  very  small  area. 
I  found  these  beds  to  vary  very  greatly  in  character  within  short 
distances,  sometimes  consisting  of  dark-blue  clays,  in  places  contain- 
ing beds  of  ironstone,  sometimes  passing  into  interstratified  clays 
and  limestones  (greatly  resembling  those  of  Tealby),  and  sometimes 
consisting  of  unfossiliferous  white,  greenish,  and  brown,  often  con- 
glomeratic, sands  and  sandstones.  The  days  and  limestones  here 
yield  an  abundant  fauna,  which  enables  us  to  refer  the  beds,  with- 
out the  slightest  doubt,  to  the  Middle  Neocomian.  The  fossils  which 
I  collected  from  these  beds  in  the  vicinity  of  Ocker  are  as  follows : — 

Fecten  orbicularu,  Sow. 


Serpula  anti^uata,  Sow. 

filiformis,  SifW. 

Terebratula,  sp. 

Bhynchonella  multiformifl,  Rom. 

Sponges. 


Fecten  oinctus,  Sow.  (very  abundant). 
Exogyrasinuata,  Sow.  (very  abundant). 
Belemnitee  jaoulum,  PhiL  (very  abun- 
dant). 

lateralis,  PM.? 

Ostrea  macroptera,  Sow. 

Northwards  from  Goslar,  at  the  brickyard  of  Olhey,  blue  clays 
are  dug,  containing  Ammonites  Beshayesi,  Jj&joi.y  Ammonites  Martini, 
D'Orb.,  Crioeeras,  sp.,  and  other  sheUs,  which  show  clearly  that 
these  beds  belong  to  the  Upper  Neocomian. 

The  "  Subhercynischer  Unter-Quader-Sandstein,''  like  the  Hils- 
sandstein,  which  it  resembles  in  general  characters,  contains  but 
few  fossils.  These  beds  have  been  referred  by  M.  von  Strom- 
beck  to  the  Gault ;  it  is  not  improbable,  however,  that  they  will 
prove  to  represent  the  highest  member  of  the  Neocomian. 

6.  Brunsunck. — In  this  country  the  Neocomian  series  is  more 
complete  than  in  any  other  part  of  North-Western  Germany ;  and  it 
has  been  most  adnurably  illustrated  by  the  map  and  the  various 
memoirs  by  M.  von  Strombeckt,  who  during  many  years  has 
devoted  himself  with  so  much  zeal  and  success  to  the  study  of  the 
geology  of  this  district. 

The  Upper  Neocomian  is  represented  by  the  following  succession 
of  beds. 

(1)  Whitish  marly  day  seen  in  the  neighbourhood  of  Brunswiok  and  at 
tiereral  other  points — '^Ghirvas-Mergel"  ("zone  of  Ammonites  NisuSy** 
Von  Strombeck).    The  fossil  of  this  bed  are— 

Rhyndionella  lineolata,  PMl. 


Belemnites  Ewaldi,  Von  Stromb. 
Ammonites  Nisus,  i?  Orb. 

Deshayesi,  Leym. 

Martini,  I/Orb. 

Toxooeras  Bojerianus,  1/  Orb. 
Avicula  aptiensis,  jD*  Orb. 


Terebratula  Martiniana,  1^  Orb. 

Moutoniana,  L^  Orb. 

hippopus,  1/  Orb.,  non  Rom. 

Pollicipes,  sp. 
Cidaris,  sp. 


*  Beyrich,  Zeitschr.d.  deutschen  geol.  Gesellsch.  i.  p.  302,  Earte  iii.  Karte  15 ; 
ix.  p.  416 ;  xi.  p.  73,  &c. 

t  Qeoffnoeticne  Karte  des  Herzogthums  Braunschweig,  1856.  Beiloge  zu  der 
geognostiche  Karte  des  Herzogthums  Braunschweig,  lo57.  *'  CJeber  die  Neoco- 
mien-Bildung,"  &c,  Zeitschr.  d.  d.  geol.  Gtesell.  toI.  i.  p.  462.  "  Ueber  die  Eohi- 
miden  des  Hils-Konglomerat,"  &c.  ^^eu.  Jahrb.  1855,  p.  641.  "Bemerkungen 
iiber  dee  Hils-Kongtomerat  und  den  Speeton-Clay  bei  Braunschweig.''  Neu. 
Jahrb.  1855,  p.  159.  '*  Ueber  der  Gktult,"  &c.  Zeitschr.  d.  d.  geol.  Qesell.  1861, 
p.  20,  Ac.  &c. 
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(2)  Bark-ooloured  clays  with  AmmonUes  Martini,  Am.  Deshaym,  CHoeeras, 
Ac.    ("  Zone  of  Ammonites  Martini.*'  Von  Sirombeck.) 

(3)  Bark-blue  olaj»  with  septaria  but  with  few  or  no  fossils. 

The  Middle  Neocomian  appears  to  be  represented  in  Brunswick 
by  the  following  strata : — 

(4)  Dark-blue  very  tenacious  olay  full  of  fossils  ("  Speeton-Thon,"  "  sone 
of  JBelemnitea  brunswioensis,"  of  Von  Strombeck)*.  It  contains  the  fol- 
lowing:— 


Belemnites  brunswioensis,  VanStromb, 
Ammonites  Nisus,  1/  Orb. 
Pecten  cinctus,  Sow. 
Thracia  PhiUipsi,  Bom. 
Ayicula  Ck>mueliana,  UOrb.  (A.  ma- 
croptera,  Rom.). 


PanopsHt  plicata,  Sow. 

neocomiensis.  Leym. 

Pinna  gracilis,  Phil. 
Terebratula  Moutoniana,  IT  Orb. 
Serpula  Phillipsi,  Rom. 
Meyeria  omata,  Phil.  sp. 


(6^  Dark-blue  days  abounding  with  Ancyloceraa  ("zone  of  OHoceraz  Emma- 
rid    of  Von  Strombeck).    This  bed  contains  the  following : — 


lima  longa,  Rim. 

Terebratula  Moutoniana,  D  Orb. 

Bhynchonella  antidichotoma,  U^Orb. 


Anoylooeras  Emmerici,  Liv. 

semicinctus?  Rom. 

Belemnites  brunswioenais,  Vonl^romb. 
Serpula  Phillipsi,  Rom. 

(6)  Unfossiliferous  clays. 

(7)  Beds  of  clay  full  of  Exogyra  smtiata,  Sow.    ("  sone  of  OttreaCauloni,  nur. 
amtila  **  of  Yon  Strombeck). 

(8)  Unfossiliferous  days. 

The  total  thickness  of  these  clays,  representing  the  Upper  and 
Middle  Neocomian,  is,  in  places,  according  to  M.  von  Strombeck, 
upwards  of  400  feet. 

The  Lower  Neocomian  is  represented  by  beds  of  limestone  and 
sandy  marl,  containing  in  places  many  nodules  of  iron-ore.  The 
uppermost  of  these  beds  abound  with  specimens  of  the  highly  cha- 
racteristic Toxaster  comjplanatus,  Ag.  The  whole  series,  which 
never  exceeds  50  feet  in  thickness,  is  crowded  with  fossils,  among 
the  most  characteristic  of  which  appear  to  be  the  Echinoderms,  no 
fewer  than  10  species  being  cited  by  M.  von  Strombeck  as  common 
to  and  equally  characteristic  of  these  beds  and  the  "Mames  d^Haute- 
rive  "  <fec.  (Lower  Neocomian)  of  the  Jura. 

The  following  list  will  show  the  nature  of  the  fauna  of  these  beds^ 
which  are  well  seen  at  Gross  Yahlberg,  Berklingen,  Schandelahe, 
Schoppenstedt,  &c. 


Belemnites  lateralis,  PhU. 
Ammonites  Astierianus,  I/Orb. 

bidicbotomus,  Lei/m, 

radiatus,  Brug.  (A.  asper.  Me- 

fian). 

noricus,  Schloth. 

Trochus  bicinctus,  Rom.  (T.  tricinctus, 

Rom.). 


Pleurotomaria  discoidea,  Rihn, 
Ostrea  macroptera,  Sow. 

suboomplicata,  Rim. 

Leunisi,  Rim. 

micrantha,  Rim. 

Exogyra    Boussingaulti,    If  Orb.  (E. 

suoplicata,  Rom.). 
Couloni,  Defr,  (very  abundant). 


*  M.  Ton  Strombeck,  who  first  noticed  these  beds,  was  so  struck  with  the 
number  of  fossils  agreeing  with  those  figured  in  Phillips's  Geology  of  Yorkshire 
(omitting  the  supposed  (fault  forms)  that  he  named  this  bed  the  "  Speetou- 
Thon." 
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Exogyn  ■pindia,  Som.,  var.  i  Terefantuk  PnMhaana,  Rom. 

— •*  iindate,  Saw.  \  Rbjiiohonella  deprenia,  I/Orb, 

Peotan  emotas,  Sow. 

—  lineo-oostatofl,  Som. 

ataruB,  Som. 

ATicaJaComaellaniu  i^0r6.  (A.  ma- 

croptora,  Som.). 
lima  semicpstaia,  Som. 
Serpula  Phillipsi,  Som. 

—  unilineata,  Som. 

gordialu,  Scklotk. 

angolofls,  Som. 

—  antiquata,  Sow. 

qiiinqaeaiigalata»  Som. 

fTarebntula  sella.  Sow. 

Moutoniana,  UOrb. 

Uh^Sow. 

faunarindna,  Sow. 

hippopus,  Som.  neo  UOrh.^ 

oUongap  Sow. 


Thecidea  tefcra^na,  Som. 

Crania  irregularu,  Som.  (C.  hezagona, 

Som.). 
ToxMB^r  oomplanatus  (GmeL),  Ag. 
Holaster  Hardyi,  Ihib. 
DjBaster  OYulom,  Ag. 
P^giinu  Montmolim,  Ag. 
luideolitee  Olferaii,  Ag. 

Ppina  P7g«a,  Awt. 
Holeotjpufl  maoropygiu,  IhtiOT. 
Diadema  rotulare,  Ag. 

Boar^eti,  Ag. 

MontliTaltia  ezplanata,  Som.^  sp. 
Cladophyllia  nana,  S'&m.^  sp. 
Holoooenia  micrantha,  S'&m.  sp. 
Thamnastnea  Leunisi,  S'&m.  ep. 
Very  numerous  species  of  sponges*. 

M.  Yon  Strombeck  considers  that  these  Lower  Neocomian  beds  of 
BmnBwick  are  divisible  into  two  zones  (Zone  of  Toxoiter  eompla^ 
no^ttf ,  and  Zone  of  Ammonites  hidichotamtu)^  the  uppermost  of  which 
he  parallels  with  the  Mantes  cTIfatUerive  of  Switzerland,  and  the 
lower  he  donbtfolly  refers  to  M.  Desor's  **  Valanginien"f. 

Throughout  the  whole  of  North-western  Germany  the  Neocomian 
strata  lie  underneath  a  great  mass  of  days,  including  the  Elammen- 
mergel  and  some  other  deposits,  some  of  which  locally  pass  into 
sands,  the  whole  being  over  300  feet  thick.^  These  beds  (in  their 
upper  portion,  at  least)  are  clearly  seen  by  their  fossils  to  represent 
our  0ault ;  their  lower  portion  may  possibly  represent  some  of  the 
beds  intermediate  between  the  Gault  and  Neocomian,  generally  ab- 
sent in  this  country.  These  days  are  in  turn  overlain  by  the  various 
beds  of  the  chalk,  which  present  many  points  of  analogy  with  the 
equivalent  beds  in  the  north  of  England ;  this  is  especially  seen 
in  the  presence  of  red  beds  in  the  lower  part  of  the  series,  though 
these  are  of  much  greater  thickness  and  importance  in  Germany 
than  in  this  country. 

The  strata  next  bdow  the  Neocomian  of  Westphalia,  Hanover, 
and  the  Hartz  consist  of  that  great  mass  of  fluviatile  beds,  in  places 
renching  to  a  thickness  of  2650  feet(?),   and  containing  many 

*  Vide  Fr.  Ad.  Bomer,  '*  Die  Sponfitarien  des  norddeutachen  Ereid^- 
birgei;"  Palnontographioa,  vol.  ziii.  (18S4). 

t  The  presence  in  oonsiderable  almndanoe  of  Pecten  oinotue,  Sow.,  in  the 
Lower  Neocomian  of  Brunswick  is  a  Tery  interesting  circumstance.  This  shell 
appears  generally  to  characterise  well,  by  its  constant  presence  and  great  abun- 
dance, i&  ICiddle  Neocomian  in  Northern  Europe,  and  to  take  the  place  of  the 
Ckama  ammonia  of  the  same  beds  in  Southern  Europe.  In  Brunswick  and  the 
south  of  France  (in  which  last  district,  howerer,  it  appears  to  be  rare)  this  shell 
occurs  in  the  Lower  Neocomian. 

I  The  red  sandstones,  containing  Ammonitee  aurittie.  Sow.,  of  Neuenheerse, 
in  the  Tentobarger  Wald,  perhaps  form  a  link  between  the  Gault  days,  with 
which  they  are  associated,  and  the  Hunstanton  limestone,  which,  as  we  have 
en,  is  last  found  in  Heligoland. 
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workable  beds  of  eoal,  which  are  referred  by  German  geologists  to  the 
Wealden.  These  beds  have  been  very  fully  described,  and  their 
nnmerons  points  of  resemblance  to  the  English  Wealden  shown,  by 
many  German  geologists,  especiaUy  by  Koch,  Dunker,  and  Yon 
Meyer*,  and  more  recently  by  Grednerf.  In  Brunswick  this  form- 
ation does  not  occur ;  and  the  presence  there  of  Lower  Neooomian 
beds  is  therefore  a  very  significant  fact. 

With  regard  to  the  stratigraphical  relations  of  the  Neooomian 
beds  in  North  Germany  it  la  not  easy  to  arrive  at  any  very  definite 
conclusion,  the  country  not  having  beeii  mapped  in  sufficient 
detail.  The  manner,  however,  in  which  the  Cretaceous  beds  are 
found  overlapping  and  resting  on  different  members  of  the  Neooo- 
mian appears  to  indicate  the  existence,  as  in  England,  of  an  uncon- 
formity between  these  two  series.  Similarly  the  Hilsoonglomerat 
(Lower  Neooomian)  of  Brunswick  appears  to  lie  indifferently  on  any 
of  the  older  rocks,  and  is  therefore  probably  unconformable  to  the  ^V-?:'t?S 
Jurassic  series. 

VI.  GoircLUBioir. 

We  have  thus  seen  that  the  Neooomian  beds  of  Yorkshire  and  . 
Lincolnshire  are  the  most  westerly  development  of  a  great  mass  of  •  H^-^  h^ 
strata,  of  the  same  age,  stretching  over  a  wide  area  in  Northern  ''  ^  -T^ 
Europe.  It  is  true  that  the  beds  of  this  age  are  neither  so  well  j  '^^^ 
exposed  nor  do  they  attain  so  great  a  thickness  as  in  the  south  of  ^  ^^  _ 
Europe ;  but  they  nevertheless  present  us  with  a  remarkably  similar  1 
succession  of  faunas.  At  the  eastern  and  western  extremities  of  ' 
the  area,  in  Brunswick  and  in  Yorkshire  respectively,  the  marine  ^  "-^  ^ 
series  is  complete,  and  we  have  the  three  divisions  of  the  Neocomian  ^ ' 
formation  all  developed ;  but  in  the  intermediate  districts  of  West- 
phalia, Hanover,  and  the  Hartz,  the  marine  beds  represent  only  the 
Upper  and  Middle  Neocomian,  and  these  rest  upon  the  freshwater 
strata  of  the  North-German  Wealden. 

The  section  at  Speeton  Cliff  derives  additional  interest  from  the 
fact  that  it  is  by  far  the  most  complete  exposure  of  the  Neooomian 
beds  over  the  whole  of  the  great  North-European  area.  The  sec- 
tions elsewhere  are  more  or  less  isolated  and  frugmentary ;  but  at 
Speeton  we  find  the  key  by  means  of  which  they  may  be  identified 
and  correlated. 

We  have  seen  that,  over  the  North-European  area,  a  remarkable 
uniformity  of  character  is  maintained  among  the  Neocomian  strata 
(and  the  same  is,  to  a  certain  extent,  true  also  of  the  Cretaceous 
and  Jurassic),  indicating  that  this  district  forms  a  natural  province, 
not  improbably  representing  an  ancient  sea-basin.  The  ridge  of 
PalsDozoio  land  traced  by  Mr.  Godwin-Austen  in  his  celebrated  me- 
moir <*  On  the  Possible  Extension  of  the  Coal-Measures  beneath  the 
South-Eastem  part  of  England  "  t  may  not  improbably  have  formed 

«  "  Monomphie  der  Norddeutsohen  Wealdenbildung,"  &c  (1846),  Palsoii- 
tographica,  oo. 

t  Uaber  die  Gliedemng  der  oberan  Juraformation  und  der  Wealden-Bildung 
im  nordwestliohen  Deutadiland  (Prague,  1863). 

I  Quart.  Joum.  Q«>1.  SoaToI.  zii.  1856,  p.  38.    See  also  Mr.  S.  Y.  Wood,  jun., 
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the  barrier  between  this  Anglo-Germanic  and  the  Angio-Pari8ian 
basin.  The  points  of  resemblance  and  difference,  and  the  mutual 
relations  of  the  Neooomian  strata  in  the  Anglo-Oermanic,  the  Anglo- 
Parisian,  the  Jura,  and  the  Mediterranean  basins,  I  hope  (should  I 
be  able  to  continue  my  study  of  these  beds)  to  treat  of  in  a  future 
communication. 

The  succession  of  beds  which  I  have  described  at  Speeton,  whOe 
its  remarkable  parallelism  with  the  equivalent  beds  in  Southern 
Europe  has  been  generally  acknowledged  by  Continental  geologists*, 
has  been  appealed  to  by  the  advocates  of  several  different  schemes  of 
classification  as  supporting  their  respective  views  t.  Into  these 
questions  of  classification,  however,  I  refrain,  for  the  present,  from 
entering. 

EXPLANATION  OF  PLATE  XXm. 

Fig.  1.  Ideal  section  aerofls  the  Vale  of  Pickering. 

a.  Alluyiam.  b.  Boulder-clay  and  other  "drift"  depodta.  A  White 
Chalk.  B.  Hunstanton  Bed  Bock,  Wing  unconformablv  on  C. 
Speeton  Claj  proper  (Neooomian).  D.  **  Coprolite  Bed  (mark- 
ing unoonformitr).  E.  Portlandian  Clajs.  F.  Kinuneridge 
CUys.    &,  Coralline  Oolite. 

Fig.  2.  Ideal  section  along  the  northern  escarpment  of  the  Yorkshire  Wolds. 

A.  White  Chalk.  B.  Hunstanton  Bed  Bock.  C,  C\  C".  Upper, 
Middle,  and  Lower  Neooomian.  D.  Coprolite  Bed.  B.  rortr 
landian.     F.  Kimmeridjge. 

Fig.  3.  Sketch  Map  of  parts  of  Yorkshire,  Lincolnshire,  and  Norfolk,  to  illustrate 
the  distribution  of  the  Neooomian  strata. 
a.  AlluTinm  &o.    A  White  Chalk.    B.  Hunstanton  Bed  Book.    C. 
Neooomian.     B.  Upper  Oolite.    G.  Middle  Oolite.    F.  Lower 
Oolite.    I.  lias. 

BiBOUSSIOK. 

Mr.  Ethbeidob  stated  that  he  had  examined  sections  in  Bruns- 
wick and  Hanover,  at  Hildesheim,  and  other  places,  and  confirmed 
Mr.  Jndd's  results.  He  remarked  upon  the  occurrence  of  Peeten 
einetu8  in  the  Middle  Neooomian  in  England  and  in  the  Lower  Neooo- 
mian in  Germany. 

Sir  Chablbs  Ltbll  noticed  the  occurrence  of  anticlinals  and  con- 
tortions in  the  Brunswick  district,  and  remarked  upon  the  compre- 
hensiveness now  ascribed  to  the  "  Speeton  Clay,"  and  on  the  cor- 
respondence of  the  phenomena  observed  in  Yorkshire  with  those 
presented  in  the  south  of  England,  in  passing  from  Folkestone  to 
the  Isle  of  Wight.  He  also  mentioned  the  occurrence  of  Ammonites 
Deshayesii  in  the  Hastings  sand  at  Punfield,  as  indicating  the  marine 
and  cretaceous  nature  of  that  deposit. 

The  Pbbbidbnt  inquired  as  to  the  evidence  of  the  representation 
of  the  Lower  Neooomian  by  Wealden  deposits  in  Germany. 

Mr.  Ji7DD  remarked  that  the  Punfield  marine  band  is  absolutely  en« 

«« On  the  erents  which  produced  and  terminated  the  Purheok  and  Wealden 
deposits  of  England  and  France,"  Phil.  Mag.  4th  ser.  toI.  zzt.  (1863)  p.  268. 

•  BuU.  Soo.  G^l.  Fr.  2«*  s^r.  torn.  xxri.  pp.  211-216  (1869). 

t  Vide  "  Notes  on  Continental  Geology,  1^  T.  Davidson,**  Geol.  Mag.  1869. 
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cloeed  in  the  Wealden,  and  that  its  fossils  have  an  Upper  Neocomian 
character,  with  a  dear  affinity  to  a  Spanish  series.  He  regarded 
the  Wealden  of  North  Germany  as  not  strictly  contemporaneous 
with  that  of  England,  and  stated  that  the  "  Hikoongbmerat ''  in 
Bmnswick  was  a  shore-depoeity  but  that  its  relation  to  the  Wealden 
could  not  be  observed. 


2.  On  DEEP-HTinire  with  Relatioit  to  the  Phtsical  Stbuctube  and 

MiKSRAL-BBABINO    StBATA    of  the    SoUTH-WEST  of  IbBLAKD.      By 

Samuel  Hyde,  Esq. 

(Communicated  by  B.  Btheridge,  Esq.,  F.QJ8.) 
[Abstract.] 
The  author  described  the  general  structure  of  the  country  in  the 
south-west  extremity  of  Ireland,  which  he  stated  to  consist  of  a 
series  of  rocks  analogous  to  the  '<  KiUas ''  of  Cornwall,  and  belong- 
ing to  the  upper  part  of  the  Lower,  or  the  lower  part  of  the  Upper 
Devonian  series.  He  combated  the  opinion  which  had  been  ex- 
pressed by  the  late  Professor  Jukes,  that  copper-ores  woiild  not  be 
found  in  the  district  in  sufficient  quantities  to  make  mining  there  a 
remunerative  process.  In  support  of  his  thesis,  he  cited  tilie  Bear- 
haven  mines,  established  about  fifty  years  ago,  the  Allitries  and 
Ballycummisk  mines,  and  the  Coosheen  mine.  He  stated  that  in  the 
Ballycummisk  mines  a  depth  of  200  fathoms  has  been  reached,  and 
that  some  of  the  shafts  at  Bearhaven  are  much  deeper.  These  deep 
workings  were  said  to  yield  large  returns  of  ore.  In  opposition  to 
the  opinions  stated  by  the  late  Professor  Jukes,  the  author  main- 
tained that  the  copper  lodes  were  of  the  same  nature  as  those  of 
Cornwall,  and  he  described  them  as  running  in  a  similar  direction, 
namely,  10°'25°1^.  of  E.  From  the  similarity  in  the  geological 
constitution  of  the  country,  and  in  the  direction  of  its  min^al  veins, 
the  author  was  inclined  to  infer  a  former  continuity  between  the 
south-western  promontories  of  the  islands  of  Great  Britain  and 
Ireland. 

Discussioir. 

Mr.  David  Forbes  protested  against  the  notion  that  the  Devonian 
strata  themselves  were  metalliferous,  the  veins  being  of  much  later 
date — ^in  the  present  case  Postcarboniferous.  He  maintained  that 
there  was  no  valid  reason  for  supposing  that  the  veins  became  unpro- 
ductive with  increased  depth,  and  opposed  the  notion  that  they  bad 
been  filled  in  by  segregation  from  the  surrounding  rock.  He  alluded 
to  the  use  of  spectroscopic  analysis  in  such  inquiries,  and  remarked 
that  as  no  trace  of  copper  is  to  be  found  in  the  rock  even  immedi- 
ately adjacent  to  veins,  we  should  have  to  admit,  on  the  hypothesiB 
of  segregation,  that  the  rock  must  originally  have  contained  pre- 
cisely the  amount  of  metal  segregated  in  the  veins. 

Mr.  EiHEBiDOE  agreed  with  Mr.  Forbes  as  to  the  date  of  the  fill- 
ing in  of  the  veins.  He  also  maintained  the  justice  of  correlating 
the  rocks  with  those  of  the  Cornish  area. 

Mr.  Htde  briefly  replied. 
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Mabch  9, 1870. 
John  Alleyne  BoBworth,  Esq.,  of  Humberston,  Leicesteishire ; 
Robert  Erskine  Brown,  Esq.,  of  Wass,  Oswaldkirk,  Yorkahire ; 
Major  £.  H.  Sladen,  Madras  Staff  Goips,  Church  Boad,  Upper  Nor- 
wood ;  and  Henry  King  Spark,  Esq.,  Greenbank,  Darlington,  were 
elected  Fellows  of  the  Society. 

The  following  oommnnications  were  read : — 

1.  On  the  Stkuctube  of  a  Fern-stem  from  the  Loweb  Eocene  of 
HsBNE  Bat,  atid  on  its  Allies,  Becent  and  Fossil.  By  Wm. 
Cabbuthers,  Esq.,  F.L.S.,  F.G.S.,  Britbh  Museum. 

[Platm  XXIV.  k  XXV.] 
The  Boyal  Fern  (Owmunda  regalis,  linn.)  is  the  noblest  and  most 
striking  of  our  British  ferns.  The  tuft  of  fronds  under  feiYourable 
circumstances  attains  a  height  of  nearly  12  feet,  and  the  erect  stem 
is  sometimes  more  than  2  feet  long.  The  stem  is  perennial,  grow- 
ing in  tufts,  formed  by  the  repeated  dichotomous  division  of  the 
terminal  bud ;  the  whole  is  matted  together  by  a  large  mass  of  ad- 
ventitious wiry  roots.  The  different  stems  are  stout  and  firm,  and 
densely  ooyered  with  the  permanent  bases  of  the  petioles.  It  is 
found  in  wet,  springy,  or  boggy  places  all  over  Britain,  and  is 
indeed  generally  distributed  over  the  northern  temperate  zone. 
With  one  other  genus,  Todea,  it  forms  a  small  but  well-marked 
natural  group  of  ferns,  the  Osmundacea. 

I  have  determined  the  existence  of  (kmtmda  regalis  in  the  Nor- 
wich Forest-bed  from  large  specimens  collected  by  the  Rev.  J.  Gunn. 
It  is  common  in  the  newer  submeiged  forests,  having  maintained  its 
ground  through  all  the  changes  that  have  taken  place. 

Three  closely  allied  forms  have  been  found  in  the  later  Tertiary 
strata;  the  oldest  was  obtained  from  a  bed  at  the  base  of  the 
Miocene  period.  I  have  now  to  add  a  fourth  from  the  Lower  Eocene 
at  Herue  Bay. 

This  species  is  based  upon  a  portion  of  a  stem  in  the  collection  of 
George  Dowker,  Esq.,  F.G.S.  It  is  somewhat  unequally  weathered 
and  water-worn,  one  of  its  sides  being  rubbed  nearer  to  the  centre 
thao  the  other.  The  whole  of  the  tissues  are  replaced  by  silica,  and 
this  in  so  perfect  a  manner  that  the  most  delicate  structures  are 
exquisitely  preserved. 

Externally  the  specimen  exhibits  the  roxmdiBh  petioles,  inegu- 
larly  broken,  and  marked  with  a  single  crescentic  vascular  bundle. 
Numerous  adventitious  roots  separate  the  petioles  from  each  other. 

In  section  the  stem  is  found  to  have  the  following  structure. 
Near  one  side,  from  the  unequal  wearing  of  the  specimen,  is  the 
slender  true  stem :  this  is  composed  of  a  white  parenchymatous 
medulla,  a  narrow  scalariform  cylinder,  and  a  parenchymatous  cor- 
tical layer.  The  parenchyma  of  the  medulla  consists  of  roundish 
thin- walled  cells.  The  slender  vascular  cylinder  is  repeatedly  in- 
terrupted by  the  long  slender  meshes,  from  the  margin  of  which 
proceed  the  vascular  bundles  that  supplied  the  fronds.    These  meshes 
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or  slits  passed  upwards  and  outwards  through  the  cylinder ;  and  in 
transverse  section  they  are  seen  either  completely  breaking  up  by  a 
thin  film  of  cellular  tissue  the  continuity  of  the  cylinder,  or  only 
penetrating  it  for  a  short  distance.  Such  partial  penetrations 
sometimes  proceed  from  the  inside  and  sometimes  from  the  out^ 
side  of  the  cylinder,  depending  upon  the  part  of  the  particular 
mesh  which  has  been  cut.  When  the  mesh  is  cut  near  its  origin, 
the  cylinder  is  complete  on  its  outer  margin;  while  when  it  is 
cut  liirough  the  upper  portion,  the  cylinder  is  complete  on  its 
inner  margin.  Dr.  Ogilvie,  in  a  valuable  paper  on  the  vascular 
and  woody  tissues  of  ferns  (Annals  and  Magazine  of  Nat.  History, 
3rd  ser.  vol.  vi.  (1860)  p.  320,  pL  v.),  has  somewhat  misinter- 
preted this  vascular  cyHnder  in  Osmunda  regalis.  He  says  the 
cylinder  is  made  up  of  about  eight  fasciculi,  having  the  same 
crescentic  section  as  the  vascular  bundle  in  the  petiole,  and  having 
their  concavities  all  turned  inwards.  This  is  figured  and  de- 
scribed in  plate  v.  ^  1.  His  error  arises  from  his  entertaining 
the  notion  that  the  vascular  cylinder  is  composed  of  the  fasciculi  of 
the  petioles,  which,  when  they  desoend  into  the  stem,  branch  out  and 
anastomose  with  those  derived  from  former  petioles.  This  cylinder, 
however,  is  formed  independently  of  the  food-producing  leaves,  or 
at  all  events  in  advance  of  them ;  and  the  meshes  are  really  the 
openings  through  which  the  fasciculi  pass  to  the  leaves.  These 
meshes  do  not  in  any  way  represent  the  reticulations  caused  by  the 
medullary  rays  in  the  wood  of  Dicotyledons.  They  are  homologous 
with  the  meshes  produced  by  the  tissues  which  pass  through  the  wood 
into  the  foUar  or  ramal  appendages. 

The  vascular  cyHnder  of  the  stem  is  surrounded  by  a  thin  layer 
of  pale  parenchyma  similar  to  that  composrng  the  axis.  Dr.  Ogilvie 
calls  this  a  cambium  layer;  but  he  overlooks  the  fact  that  the  vascular 
bundles  in  ferns  are  definite  and  simultaneous,  and  that  a  cambium 
layer  does  not  exist  in  this  position. 

The  vascular  bundles  of  the  petioles  spring  from  the  meshes  in 
the  vascular  cylinder.  At  their  origin  they  have  the  crescentic  form 
which  characterizes  them  throughout  their  whole  course  in  the 
petiole  and  rachis,  as  well  as  all  the  branches  in  the  secondary 
rachides.  Each  petiole  is  composed  of  its  vascular  bundle,  having 
the  concavity  of  ^e  crescent  looking  towards  the  axis  of  the  stem. 
This  is  imbedded  in  a  pale  parenchyma,  composed  of  slightly  oblong 
cells ;  and  the  whole  is  surrounded  by  a  cortical  layer  of  smaller  but 
more  elongated  cells,  deeply  coloured  by  the  deposit  in  their  interior 
of  the  brown-coloured  substance  so  extensively  distributed  in  ferns, 
and  which  is  said,  from  its  abimdance  in  them,  to  give  a  peculiar  rusty 
tint  to  the  vegetation  of  those  districts  in  which  (as  in  some  parts  of 
New  Zealand)  ferns  form  a  prevailing  feature.  Near  the  base  the 
petiole  ia  furnished  with  a  wing,  which  is  composed  of  white  cellular 
tissue  enclosed  in  a  thin  epidermis.  In  addition  to  the  colouring- 
matter  in  the  cortical  layer  of  the  petiole,  a  few  small  bundles  of 
elongated  cells  occur  irregularly  scattered  through  the  central  paren- 
chyma, both  in  the  hollow  concavity  of  the  vascular  bundle  and  on 
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its  coBvez  Btuface.  The  cells  adjacent  to  the  inner  concave  surface 
of  the  vascolar  bundle  have  a  deposit  of  colouring-matter  in  them  ; 
but  this  disappears  towards  the  base  of  the  petiole.  I  am  able  to 
confirm  the  correctness  of  Dr.  Ogilvie's  description  of  this  dark  band 
in  the  petioles  of  Osmtmda  regalis ;  but  it  is  probably  not  always 
present,  as  Prof.  Church  was  not  able  to  detect  it  in  tifie  specimens 
he  examined  (linn.  Soc.  Journal,  Botany,  vol.  vii.  1864,  p.  88). 
Bundles  of  coloured  cells  occur,  also,  irr^^ilarly  scattered  through 
the  parenchyma  of  the  wings. 

The  axis  gives  off  in  the  older  portions  numerous  adventitious 
roots.  These  proceed,  as  in  tree  ferns,  from  the  inteipetiolar  spaces, 
and  are  not  developed  from  the  base  of  each  petiole  as  figured  and 
described  by  Duval  Jouve  in  the  living  plant  (Billot's  Annotations 
k  la  More  de  France,  1855,  p.  51,  pi.  1.  fig.  5  A).  In  the  fossil  I 
have  a  preparation  showing  their  independent  origin ;  and  in  the 
living  Boyal  Fern  I  have  dissected  them  out,  tracing  them  into  the 
vaseular  cylinder.  They  have  a  different  structure  from  that  of  the 
petioles,  being  more  or  less  circular  in  transverse  section,  and  com- 
posed of  a  small  central  vascular  bundle  imbedded  in  a  very  littie  pale 
parenchyma,  and  both  surrounded  by  a  cylinder  of  very  dark  brown 
elongated  cellular  tissue.  On  issuing  from  the  axis  the  root  pushes 
through  the  cellular  tissues  of  the  petioles,  until  it  is  able  to  pass 
upwards  between  two.  It  then  repeatedly  branches ;  and  when  it 
escapes  beyond  the  bases  of  the  petioles  the  branches  become  long 
and  wiry,  and  form  a  dense  covering  around  the  recent  stems.  This 
has  disappeared  from  the  fossil,  because  of  the  rubbing  to  which  it 
has  been  subjected ;  but  the  branching  roots  are  obvious  among  the 
petioles  in  the  least*  worn  surface. 

The  siogularly  perfect  preservation  of  the  tissues  of  this  fossil  is  very 
remarkable.  Not  only  are  all  the  cells  and  vessels  intact,  but  even 
the  starch-granules,  which  abound  in  the  parenchyma  of  ferns,  still 
fill  the  cells  in  which  they  were  originally  formed ;  or  rather,  I  should 
say,  the  silica  by  which  they  are  replaced,  and  which  assumes  their 
form,  is  there.  In  the  form  of  the  granvdes,  and  in  the  method  in 
which  they  are  packed  in  the  cells,  the  fossil  agrees  exactly  with 
the  recent  species.  Many  of  the  ceUs  contain  the  mycelium 
threads  of  a  parasitic  fungus,  which  are  inarticulate,  and  probably 
belong  to  the  genus  Peranospora,  one  species  of  which  is  too  familiar 
from  the  injury  it  has  brought  on  the  potato  crops.  The  dead  stem 
of  the  fossU  must  have  been  at  once  attacked  by  this  parasite ;  it 
could  never  have  been  desiccated,  as  the  most  delicate  tissues  are 
perfectiy  preserved.  Buried  in  the  moist  day,  the  silica  must  have 
speedily  replaced  the  organic  tissues  before  the  most  delicate  cells,  the 
mycelium  threads,  or  even  the  starch -granules  were  disorganized. 

The  position  of  the  fossil  cannot  be  doubted.  It  certainly  belongs 
to  Onnundaceas^  and  most  probably  to  the  genus  Osmunda.  It  would 
be  referred  without  hesitation  to  tiiis  genus  by  some  workers  in  fossil 
botany ;  but  it  seems  to  me  most  desirable  not  to  refer  positively  a 
fossil  to  a  recent  genus  which  has  been  established  upon  characters 
that  are  not  present,  and  consequentiy  cannot  be  determined,  in  the 
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foBSiL  No  botanist  dealing  with  liTing  plants  would  yenture  on  such 
materials  to  decide  on  their  place,  far  less  to  describe  them  as  forming 
a  new  species.  It  is  very  different  with  fossils  belonging  to  the 
animal  kingdom,  where  the  portion  of  tiie  organism  preserved  is 
generally  that  which  is  empbyed  to  a  greater  or  less  extent  in  the 
classification  of  recent  forms.  I  most  therefore  adhere  to  the  system 
of  nomenclature  I  have  hitherto  followed,  notwithstanding  tiiat  it 
has  been  censored  by  so  distingmshed  a  botanist  as  Prof.  Heer  (Flora 
Foss.  Arct.  p.  84),  and  consider  this  a  species  of  Osmunditet,  It 
is  no  answer  to  Uiis  method  to  say  that  species  of  plants  now  living 
found  in  quaternary  deposits,  being  so  far  fossil,  ought  to  receive 
another  name ;  for  if  the  materials  are  sufficient  to  determine  with 
certainty  the  specific  identity  of  the  two  plants,  of  course,  on  the 
principle  I  adopt,  the  same  name  must  be  applied  to  both.  It  stOl 
seems  to  me  of  great  importance  to  be  able  to  distinguish  the  ex- 
tinct from  the  existing  species  by  the  name,  inasmuch  as  this  di- 
stinction conveys  also  to  the  student,  to  some  extent,  the  value  of 
the  evidence  on  which  the  spedes  has  been  established. 

The  fossil  has  been  a  larger  plant  than  our  recent  Otmunda 
regalis^  or  than  a  similar  stem  found  in  a  mass  of  ''Siisswas- 
serquarz"  near  Schemnitz,  figured  by  Fettko  under  the  name 
Aiterochlasna  schemnicienns  in  Haidinger's  Abhandl.  vol.  iii.  (1850) 
p.  163,  pi.  XX.,  but  afterwards  referred  by  Unger  to  Osmundites 
(Benkschr.  d.  K.  K.  Akad.  d.  Wiss.  vol.  vi.  (1 853).  I  propose  to  as- 
sociate with  it  the  name  of  George  Dowker,  Esq.,  F.O.S.,  from  whom 
I  received  the  specimen,  and  to  name  it  (kmundiUs  Dawheri,  It 
was  found  on  the  shore  at  Heme  Bay,  and  could  have  been  obtained 
only  from  the  Lower  Eocene  beds  there— perhaps  from  the  beds 
below  the  London  Clay. 

A  group  of  fern  stems  are  found  in  the  later  PalsBozoic  and  in  the 
earlier  Mesozoic  strata  which  are  nearly  allied  to  those  of  Onnimda. 
They  have  been,  unnecessarily,  divided  into  several  genera ;  but  as 
they  all  agree  in  having  a  lender  caudex  covered  by  the  long 
ascending  and  permanent  bases  of  the  petioles,  and  numerous  aerial 
roots,  it  seems  better  to  unite  them  under  Gorda's  genus  ChdepUris. 
The  materials  are  not  sufficient  to  determine  with  any  thing  like  pre- 
cision the  position  of  this  group  of  stems ;  but  in  the  characters  I 
have  just  given  they  agree  with  the  recent  ChmundcuiecBy  as  well  as 
in  having  the  vascular  bundle  of  l^eir  petioles  simple.  There  is  at 
least  a  fair  presumption  that  this  is  their  position ;  yet  it  must  be 
remembered  that  these  characters  are  not  peculiar  to  this  recent 
tribe,  but  that  they  are  found  also  in  ferns  widely  separated  from 
them  in  a  natural  classification,  as,  for  instance,  in  DxdcBonia  ant- 
arctica.  The  genus  CheUpteris,  extended  as  I  propose,  would  include 
the  following  species : — 

From  the  Fermian  of  Russia  (Qr^s  cuivreux  of  Orenbouig)  : — 
Thamnopteris  Schlechtendalii,  Brongn.  Tabl.  Genr.  Foss.  p.  36. 
Baihypteris  rhomboidea,  Eichw.  Leth.  Boss.  vol.  i.  p.  96. 
Anomorrhcea  Fischeri,  Eichw.  Leth.  Boss.  vol.  i.  p.  102. 
CkelepUriB  gracUU^  Eichw.  Leth.  Ross.  vol.  i.  p.  98. 
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Fran  the  Lower  Trias  (GMb  bigarr^  of  Eranoe,  tiie  following : — 
CheUpUris  vogesiaca,  Scbimp.  Traits  Pal.  Y^.  toL  i.  p.  702. 
Ok,  Vcitzii,  Schimp.  Tr.  Pal.  V^.  vol.  i.  p.  703. 
€fh.  tnicropdtu,  Schimp.  Tr.  PaL  Y^.  yoL  i.  p.  703. 
Baihypteris  Lesangeana,  Schimp.  &  Moug.  M onogr.  PL  Fobs,  des 

Yo^es,  p.  67. 
And  from  the  Keuper,  near  Wiirsburg : — 

ChehpUru  macropeUiSf  Schenk,  in  Yon  Meyer's  Palaeontogr. 

vol.  zL  p.  304. 
Baihypteris  strof^hpeltis,  Schenk^inYerh.  Phy8.Med.Ge8ellsoh. 

Wiirzb.  vol.  viii.  p.  212. 

EXPLANATION  OF  PLATES  XXIV.  &  XXV. 

PlatbXXIV. 

Figs.  1-3.  OsTnunditeB  Iknokeri,  Cur. 

Figs.  1  &  2.  Drawings  of  ^e  outer  sorfaoes  of  the  specimen.  Fig.  1  is  the 
suHaoe  which  has  been  most  rubbed,  and  exhibits  the  bases  of  i£d  petioles 
near  their  orifin.  Fig.  2  represents  the  less-worn  sur£M»,  with  larger 
petioles  and  adrentitious  roots.  The  lunate  yascular  bundle  is  shown  at 
the  ends  of  some  of  the  petioles.  Fig,  3  is  a  transrerse  section,  showing 
the  position  of  the  axis  and  of  the  petioles  and  roots. 
Figs.  4r-6.  Oamunda  regaUs,  linn. 

Fig.  4.  Outer  surface  of  the  caudex  after  the  adrentitious  roots  haye  been 
cut  awaj.  Fig.  5.  Transverse  section,  showing  the  axis,  petioles,  and  roots. 
Fig.  6.  Transverse  section  of  the  axis,  showing  the  meshes  in  the  vas- 
cular cylinder.    All  the  figures  are  of  the  natimd  sixe. 

Plate  XXV. 

Figs.  1,  3,  &  4.  OamundiUi  Dowkeri,  Carr. 

fig.  1.  Section  of  a  portion  of  the  centre  of  the  stem,  showing : — a,  the 
central  cellular  tissue ;  6,  the  vascular  cylinder  with  the  meshes  through 
which  have  passed  the  vascular  bundles  to  the  leaves ;  e,  the  tissues  of  two 
petioles  or  leaf-stalks;  d,  the  dark-coloured  purenchyma  surrounding  the 
axis ;  e,  two  adventitious  roots.  Fig.  3.  A  few  cells,  showing  the  starch 
granules,  and  the  mycelium  of  the  fungus.  Fig.  4.  Transverse  section 
of  a  petiole,  showing : — a,  the  boundary  of  the  petiole ;  6,  the  parendivma 
surrounding  the  vascular  axis ;  and,  e,  the  parenchyma  of  tlie  wing  of  the 
petiole. 

Figs.  2  &  5.  Oamunda  regalif,  Linn. 

Fig.  2.  Transverse  section  of  part  of  the  axis,  showing : — a,  the  central 
cellular  tissue ;  b,  the  vascuUr  cylinder ;  c,  two  peticues ;  ^,  the  paren- 
chyma surroundbiff  the  axis ;  «,  a  rout  springing  from  the  vascular 
cylinder.  Fig.  5.  Longitudinal  section  of  a  {^ole,  showing : — a,  the 
Iwundary  of  uie  petiole ;  5,  the  parenchyma ;  c,  the  scalariform  tissue ; 
dt  the  parenchyma  separating  the  two  extremities  of  the  vascular  bundle ; 
e,  the  parenchyma  of  the  vring  of  the  petiole. 

Discussioir. 

Mr.  W.  W.  Smtth,  in  caUing  on  those  present  for  remarks  on  the 
paper,  commented  on  the  very  remarkable  manner  in  which  the 
minutest  details  of  the  original  plant  had  hecome  silicified. 

Mr.  Ftheribgs  mentioned  the  discovery  of  fossil  fern-stems  of 
somewhat  similar  character  at  Bromsgrove. 

Prof.  Rahsat  suggested  the  possihiJity  of  the  fossil  having  been 
derived  from  a  bed  even  higher  than  the  Thanet  Sands.  He  thought 
the  rarity  of  such  delicate  structures  being  perfectly  preserved  by 
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nlicification  not  so  great  as  might  at  first  sight  appear ;  for  in  Antigua 
and  elsewhere  vegetable  forms  had  been  converted  into  flint  as  com- 
pletely and  distinctly. 

Mr.  Woodward  cited  the  hot  springs  in  the  Island  of  St.  Michael 
as  converting  portions  of  vegetables  still  growing  into  flint.  He  had 
heard  of  the  ends  of  piles  being  converted  into  flint  in  the  coarse  of 
thirty  years,  but  had  not  yet  seen  them. 

Mr.  jKinuKs  inquired  whether  the  OsmundaoeiB  from  different  for- 
mations offered  any  evidence  of  the  dimate  under  which  they  lived. 
He  thought  that  where  v^etable  structures  were  perfectly  preserved 
in  flint,  the  process  of  silicification  had  gone  on  but  slowly ;  but  this 
fell  more  within  the  province  of  the  chemist  than  the  geologist. 

Mr.  HxTLKs  suggested  the  possibility  of  the  fern  having  contained 
a  certain  amount  of  silica  wlnle  still  living. 

Prof.  MoBSis  referred  the  fossil  to  the  Thanet  Sands.  He  thought 
that  the  silica  in  fossilized  coniferous  and  endogenous  wood  varied  in 
character,  and  this  might  throw  some  light  on  the  process  of  conver- 
sion. He  considered  that  objects  containing  phosphate  of  lime,  and 
those  containing  carbonate  of  lime,  were  subject  to  different  processes 
of  silicification. 

Mr.  Whitakeb  was  strongly  of  opinion  that  the  fossil  had  been 
derived  from  quite  the  upper  part  of  the  Thanet  Sands. 

Prof.  DiTNCAif  called  attention  to  the  process  of  silicifiation  as  ex- 
hibited by  the  Antiguan  corals,  in  which  one  highly  insoluble  mineral 
had  been  replaced  by  another  almost  as  insoluble. 

Mr.  Cabbttthebs,  in  reply,  did  not  think  that  any  thing  could  bo 
predicated  as  to  climate  from  extinct  species ;  if  this  were  attempted, 
a  similar  error  to  that  with  regard  to  the  climate  under  which  the 
fossil  Elephants  were  supposed  to  have  lived,  might  be  repeated. 
Existing  Osmundacese  contained  no  silica  in  their  structure.  The 
peculiarity  of  the  fossil  under  consideration  was  the  preservation  of 
the  contents  of  the  cells,  even  to  the  starch,  which  is  so  readily  de- 
composed. The  difficulty  of  accounting  for  the  replacement  of  soft 
vegetable  matter  by  hard  mineral  silica,  seemed  to  him  great. 


2.  The  OoLiTBS  of  Nobthamptonshtbr.     By  Samuel  Shabp,  Esq., 
F.S.A.,  F.G.S. 

iKTBODUcnoir. 

It  is  not  without  misgiving  that  I  venture  to  offer  to  the  notice 
of  the  Geological  Society  the  following  Memoir — ^justified  in  its 
production  only  by  the  fact  that,  during  a  residence  of  some  years 
in  Northamptonshire,  I  have  been  enabled,  in  the  intervals  of  much 
other  occupation,  to  acquire  some  familiarity  with  the  geology  of 
my  own  neighbourhood,  and  to  make  a  collection  of  local  fossils, 
which,  in  deference  to  '*  the  inexorable  logic  of  facts,"  I  cannot  but 
anticipate  wiU  prove  of  greater  importance,  as  illustrative  of  the 
geology  of  the  district,  than  any  paper  of  which  I  may  be  the 
author. 
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It  18  fortunate  for  me  that,  as  compared  with  some  other  districtSy 
little  has  been  written  upon  that  of  which  I  treat. 

The  earliest  geological  notice  of  the  locality  is,  I  believe,  to  be 
found  in  Conybeare  and  Phillips,  1822  ;  but  it  must  not  be  forgotten 
that  Morton,  in  his  quaint  and,  for  his  time,  learned,  '  Natural 
History  of  Northamptonshire,'  published  as  early  as  1712,  described 
and  figured,  generally  with  accuracy,  numerous  fossils  now  as  then 
obtainable  from  the  geological  formations  of  the  county,  including 
a  Trigonia  of  a  species  not  yet  recorded  as  occurring  in  equivalent 
beds  in  other  districts,  and  which  Br.  Lycett  has  done  me  the  honour 
of  distinguishing  by  the  name  of  T.  Sharpiana, 

A  '<  Notice  of  the  Geology  of  the  Neighbourhood  of  Stamford 
and  Peterborough,"  by  the  late  Oapt.  Ibbetson,  E.G.S.,  and  Mr. 
(now  Professor)  Morris,  F.G.S.,  was  published  in  the  '  Transactions ' 
of  the  British  Association  for  1847. 

The  Bev.  P.  B.  Brodie,  F.G.S.,  in  1850,  published,  in  the  '  Trans- 
actions '  of  the  •  Cotswold  Naturalists'  Club,'  "  A  Sketch  of  the  Geo- 
l(^y  of  the  Neighbourhood  of  Grantham,  Lincolnshire,  and  a  Com« 
parison  of  the  Stonesfield  Slate  at  Collyweston,  in  Northamptonshire, 
with  that  in  the  Cotswold  Hills." 

An  important  paper  "  On  some  Sections  in  the  Oolitic  IHstrict  of 
linoolnshire "  (touching  also  upon  some  points  in  the  geology  of 
Northamptonshire),  by  Professor  Monis,  F.G.S.,  was  publi^ed  in  the 
Journal  of  the  Geological  Society  for  November  1853. 

In  his  '  Handbook  of  the  Cotswold  Hills,'  1857,  Dr.  Lycett 
makes  a  passing  allusion  to  the  ironstones  of  Wellingborough. 

In  1860  <fe  1861  appeared  the  Memoirs  accompanying  the  Maps 
of  the  Geological  Survey  of  the  Southern  Division  of  ihe  County 
(sheet  63,  quarters  N.E.  and  S.E.),  written  respectively  by  Mr. 
Aveline  and  Messrs.  Aveline  and  Trench. 

Papers  by  Mr.  Maw,  F.G.S.  (read  April  1868,  and  published  in 
the  Journal),  and  by  Mr.  Judd,  F.G.S.  (read  March  1869),  treated 
of  the  mineralogical  characteristics  of  the  Northampton  Sand ;  and 
the  latter  embedded  considerations  tending  to  show  that  the  mate- 
rials of  these  beds  had  been  deposited  under  estuarine  conditions. 

Lastly,  in  the  *■  Geological  Magazine '  for  March,  1869,  is  an  in- 
teresting article  by  Professor  Morris,  F.G.8.,  entitled  "  Geological 
Notes  on  Parts  of  Northampton-  and  lincolnshires." 

Since  the  publication  of  the  majority  of  these  dissertations,  many 
additional  sections  have  been  exposed,  large  collections  of  the  pal8&- 
ontological  contents  of  the  several  beds  have  been  accumulated, 
and  the  geological  sequence  of  those  beds  has  been  systematically 
traced  over  a  considerable  area. 

The  knowledge  thus  made  accessible  necessitates  the  revision  of 
former  condnsions ;  old  fallacies  must  succumb  to  new  facts,  and 
all  things  subserve  to  the  development  and  establishment  of  truth. 

The  task  which  I  have  proposed  to  myself  ultimately  to  accom- 
plish is : — to  describe  severally  the  Oolitic  beds  occurring  in  the 
Northampton  district,  in  the  more  northerly  parts  of  the  county, 
and  in  the  neighbourhood  of  Stamford;  to  correlate  the  several 
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•erias ;  to  eziiibit  fbasib  gathered  from  ea4sh ;  and  thus  to  oon- 
tribute  somewhat  towards  the  establishment  of  the  oharaeter  and 
sequence  of  the  Oolites  of  this  Midland  District. 

I  purpose  to  divide  my  work  into  two  or  more  Parts,  and 
the  present  Memoir  will  constitute  the  first  of  tiiese ;  but  it  is  not 
improbable  that  the  publication  by  the  Geological  Survey  of  their 
maps  and  memoir  of  the  northern  diTision  of  Northamptonshire  (the 
work  of  that  excellent  geologist,  Mr.  Judd)  may  intervene,  and 
render  superfluous  the  completion  of  my  scheme.  In  the  meantime 
the  following  may  not  be  unacceptable. 

Parti. 
Thb  Oolites  op  Nobthaxptok  akd  Neiohboubhood. 

Northamptonshire,  from  of  old,  has  been  said  to  be  famous  for 
**  springs,  spires,  and  squires."  The  first  of  these  characteristics 
directly,  and  the  others  more  remotely,  are  attributable  to  the  geo- 
logical features  of  the  county. 

The  double  alternation  of  pervious  beds  overlying  impervious  ones 
— the  limestone  of  the  Great  Oolite  upon  its  underlying  day,  and  the 
Northamptonshire  Sand  upon  the  clay  of  the  Upper  lias — ^produces, 
at  the  outcrop  of  those  beds  upon  the  escarpments  of  the  numerous 
valleys  which  intersect  the  county,  the  springs  of  pure  water  which 
formed  the  subject  of  the  ancient  boast. 

Then  the  variety  of  its  soils  (answering  to  the  variety  of  the 
underlying  materials),  its  fertility  (attributable  in  part  to  natural 
irrigation),  and  the  broad  meadows  with  which  its  valleys  are 
floored  led  at  an  early  date  to  the  general  cultivation  of  its  sur- 
face, and  to  its  partition  into  small  holdings  or  lordships :  hence 
the  numerous  villages  with  which  the  county  is  packed,  and  the 
consequent  churches  and  spires  (built  almost  wholly  of  county  Oolitic 
stone)  with  which  it  is  studded. 

Lastly,  from  the  undulating  character  of  its  surface,  and  its  fer- 
tihty,  ehgible  and  beautiful  sites  for  residences  abound ;  and  many 
such  there  are,  with  parks  and  "  pleasaunces,"  (some  of  palatid 
importance,)  constituting  the  ancestral  homes  of  a  numerous  landed 
proprietary,  and  investing  this  Midland  shire  with  not  a  little  of 
dignity  and  beauty. 

On  the  high  grounds  are  commonly  found  deposits  of  Older  Post- 
glacial, or  Glacial  Drift,  in  the  form,  at  some  places,  of  gravel,  and 
at  oilers  of  Boulder-day ;  which  Drift-beds,  having  been  cut  throng 
in  the  formation  of  the  existing  valleys,  are  therefore  of  a  higher 
antiquity  than  they,  and  indicate  that  the  causes  which  operated  to 
produce  the  present  surface  contour  originated  subsequenfly  to  the 
Glacial  period. 

These  numerous  valleys  have  generally  cut  through  the  whole  of 
the  Oolitic  beds,  often  deep  into  the  Upper  lias,  and  in  some  in- 
stances even  through  the  Marlstone  into  the  Lower  Lias ;  and  this 
drcumstance,  and  numerous  excavations — in  the  shape  of  stone,  slate, 
sand,  ironstone,  and  clay  pits,  road-cuttings,  and  railway-cuttings — 
offer  many  facilities  for  geological  investigation. 
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Fig.  l.'-^etth  Map  of  the  Areas  deeeribed. 


I.  iOngsthorpe.    II.  Northampton.    HI.  Duston.     IV.  Blisworth. 
This  Kap  it  intoided  onlr  to  indicate  the  localities  of  the  seTcral  Motions  t 
referred  to  in  this  Memoir.  ^  ^^ 
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ThoB  there  are  four  several  areas  within  a  comparatiTely  small 
space  (Fig.  1)  in  which  the  whole  series  of  beds  occurring  in  eadi, 
from  the  Great  Oolite  (including  the  same)  down  to  the  Upper 
Lias,  are  accessible ;  and  these  severally  I  propose  to  describe. 

They  are  situated  at  or  about : — 1.  Kingsthorpe ;  2.  Northamp- 
ton ;  3.  Duston ;  4.  Blisworth.  The  individual  beds  of  these 
several  localities  vary  considerably ;  but  collectively  they  may  be 
said  to  present  the  following  (General  Section,  in  which  I  have  given 
maximum  thicknesses  in  feet,  and  which,  indeed,  may  be  accepted 
as  the  typical  section  of  a  large  portion  of  the  county  of  North- 
ampton : — 

Oeiural  Section  of  Oolitic  Beds  in  the  Northampton  District. 

feet 
^  X  Stratified  and  Tari^gated  Clay  at  Blisworth,  containing  abundant 

Oeirea  mbruffuloM 2 

A  White  limestone,  disposed  in  beds  of  from  a  few  inches  to  about 

three  feet  in  thiokness,  much  fissured,  Tarying  in  oharacter,  and 

oontaining  oharaoteristic  Great-Oolite  fossils  25 

B  Blue  and  Grey  Olay,  dug  for  brioJc-making,  with  ferruginous  band 

at  base,  and  Great-Oolite  fossils    15 

XX  [Line  of  unconformity] 

0  Wnite  or  Ghney  Sand,  more  or  less  coherent,  and  with  occasional 

ferruginous  stains — sometimes  quarried   for  building  stone.    A 

Xlant-bedis  usually  found  in  this  sand 12 
series  of  yery  Tariable  beds,  oompoeed  sometimes  of  ferruginous 
sandstone  in  thin  layers,  which  overlie  calcareous  beds  oontuning 
shelly  sones,  false  bedding  bein£  frequent :  sometimes  the  whole  sep- 
tion  consists  of  calcareous  ro<»  with  fidse  bedding ;  sometimes  it 
presents  a  series  of  beds  of  oompact  ferruginous  sandstone,  with  no 
ibssils.    In  one  instance,  the  entire  section  consists  of  white  sand 

and  sandstone,  with  no  fossils   90 

Coarse  Oolitic  or  subctystalline  Limestone,  with  fossils,  orerlying  a 

calcareo-arenaceous  slate,  like  Collyweston  slate 4 

B  Beds,  chiefly  consisting  of  Ironstone,  containing  BkynehoneUa  varia' 

IfiUa,  and  6.  wnoeepMa,  and  AmimoniteB  bifivns  at  the  base 35 

Upper  lias  CnAj, 


i 
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I  have  provisionally  distinguished  the  beds  of  D  and  E  in  this 
section,  because  I  think  I  have  evidence  in  the  Northampton  and 
Duston  areas  and  elsewhere  to  justify  me  in  so  doing ;  the  particu- 
lars of  this  I  will  give  in  my  description  of  the  beds  of  those 
areas.  I  admit,  however,  that  the  beds  of  E  may  be  simply  the 
lowest  beds  of  J)  under  another  and  local  phase  of  conditions ;  but  in 
this  case  a  considerable  addition  must  be  made  to  the  thickness 
ofD. 

Lists  of  Fossils  from  the  several  localities  are  given  in  Tables  at 
the  end  of  the  Memoir. 
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Area  I.  EnrMiHOBPs. 

This  area  lies  immediately  north  of  Northampton.  Its  north- 
western portion  oonsists  of  high  ground  capped  with  the  White 
limestone  of  tiie  Great  Oolite  (A)  overlain  by  a  thin  covering  of 
older  Poet-Gladal  or  Glacial  Gravel.  This  Umestone  is  disposed  in 
horizontal  strata,  and  occupies  an  aiea  of  elongated  irregular  form, 
extending  for  about  two  nules,  in  a  south-easterly  direction  nearly 
to  Weston  Favel,  with  an  average  width  of  about  half  a  mile. 

North  of  a  road  running  easterly  towards  Moulton  are  large 
pits  in  this  limestone  (marl^  a  on  ihe  map),  presenting  a  section 
of  about  25  feet  At  the  third  of  a  mile  south-east  of  these  is 
another  pit  (6),  the  section  of  which,  partly  by  the  thinning  of  the 
limestone,  and  partly  from  denudation,  has  diminished  to  about  16 
feet ;  and  at  the  further  distance  of  a  mile  in  the  same  direction 
(near  Buttock's  Booth)  is  a  third  pit  (e),  in  which  the  section  is 
only  about  five  feet. 

The  section  of  the  pits  marked  a  is  as  follows. 

Section  of  Great  Oolite  Limsstone  at  Kingsthorpe — 
giving  Quarrgmen^s  Terms, 

ft.  in.   ft.  in. 

1.  Soft  mwly  bed,  with  firagmentuy  masses  of  limestone,  and 

fomla^Gryphaa,  Modiola,  Sui nil  to  4  0 

2.  Marly  limestone,  sometimes  soft,  occasionallj  hard — a  few 

fossila 2  0  to  3  0 

3.  '*  Dirt  Bed  "—earthy  shale  bed,  in  thm  layers,  containing 

flattened  bivalyes,  the  teste  preserved 1  0  to  1  6 

4.  **  Top  Soft  Bed  " — soft,  marly  limestone,  oontaining  large 

PkoladanwiB,    Bbmon^fo,    Mgacites,    Okrea   mUfrvgtUoaa, 

NaHca,  C%p9UB,kc  1  0  to  1  6 

5.  "Pendle"— two  marly  limestone  beds,  each  from  12  to  18 

inches  in  thiokneM,  the  upper  softer  and  more  fossiliferous 

than  the  lower   2  0  to  3  0 

6.  Cream-coloured  soft  olay-like  seam,  with  fossils  3  to      6 

7.  '*  Paying  " —  upper  bed — ^hard,  sometimes  crystalline  lime- 

stone, occasionally  with  blue  heart,  very  full  of  fossils — 
Alaria,  NerifUBO,  Jstarte  eleaan»,  JVigonia,  Aerosalema, 
{%pei»,  palatal  teeth  of  fish,  &o 2  0  to  2  6 

8.  **  Paying  "—lower  bed— similar  to  the  last,  but  not  so  fossi- 

liferous    2  0  to  2  3 

The  "  Paving '*-beds  stone  is  sawn  up  and  faced,  for  floors, 
steps,  window-sills,  chimney-pieces,  &c. 

9.  *'  Top  Jubs"— soft  marly  stone,  lull  of  Pkoiadomga,  Mo- 

duHO,  Natica,  larire  NauHhUj  Urgd  Cfypetu,  ko,,  with  a 

tone  at  bottom,  softer,  but  oontaining  the  same  fossils 2  6  to  3  0 

10.  "Bottom  Jubs"— stone  similar  to  the  last,  but  softer 2  0  to  2  6 

11.  Lower  sone  of  the  "Bottom  Jubs" — ^more  compact  lime- 

stone, rather  coarsely  oolitic  in  places,  containing;  among 
other  fossils,  Nautilus  Baberi,  Ni  subtrunoaius,  and  nume- 
rous Ostrea  Sowerbyi  the  tests  of  which  are  perfect  in  the 
soft  material  of  the  bedding 1  0  to  1  3 

12.  "  Bottom  Soft  Bed" — soft  marly  bed,  yrith  numerous  R^fn- 

ehoneUa  eonoinna,  Modiola  imdricata,  Ac    1  0  to  1  6 

The  last  bed  is  not  weU  seen  in  the  pits  a. 
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Among  the  points  of  interest  in  this  section  are  : — 

1.  The  "  Dirt  Bed'*  (no.  3),  which  is  of  very  similar  character  to 
the  ^*  shaly  "  hed  at  Tinkler's  pit  at  Stamford,  noticed  hy  Professor 
Morris-  in  the  typical  section  of  the  Stamford  Oolites  given  in  a  note 
in  his  paper  in  the  Jonmal  for  November  1853.  T\ua  bed  is  evi- 
dence of  a  comparatively  brief  bnt  marked  change  in  the  local  con- 
ditions during  the  period  of  its  deposit. 

2.  The  '*  Paving  Beds  "  (nos.  7  &  8) :  these  exhibit  on  the  joint- 
surfaces  the  peculiarity  of  the  fossils  being  thrown  out  into  strong 
relief  by  the  partial  solution  of  the  sofber  calcareous  matrix,  pro- 
bably by  the  action  of  water  charged  with  carbonic  acid. 

3.  The  zone  of  OHrea  Sowerhyi  in  the  **  Bottom  Jubs."  This 
Ostrea  occurs  in  some  sections  in  great  abundance  in  the  under- 
lying day  B. 

As  to  the  fossils  contained  in  these  beds,  I  would  particularly 
refer  to  the  cast  of  a  large  smooth  Ammonite,  some  15  inches  in 
diameter,  formerly  in  Miss  Baker's  collection  (now  in  the  British 
Museum,  and  as  yet,  I  believe,  undescribed*,  two  similar  Ammonites 
having  been  obtained  by  me  from  the  Great  Oolite  at  Blisworth) — to 
a  remarkable  fish-jaw,  I  believe  of  Lepidotus — to  the  great  number 
of  fish-palates,  some  probably  of  Btrophodus  magnus  and  8,  sulh- 
retieulatus,  and  teeth  of  Sanrians — to  the  abundance  of  large  Pholado- 
myof.  Pinna  ampla^  Natica,  NautUuM  Baheri,  and  N.  suhtruncatus, 
Clypeus  MuUeri  and  C.  Plotii — and  to  the  characteristic  zone  of 
Bhynchonetta  eoneinna  at  the  base. 

The  section  of  the  pit  marked  b  shows  a  continuation  of  the  beds 
of  pits  a ;  and  it  would  be  merely  repetition  to  give  it  in  detail.  In 
this  pit,  however,  the  Bhynchonetta  zone  at  the  base  is  usually 
accessible,  and  is  sometimes  seen  to  pass  into  the  underlying  blue 
clay  B. 

The  same  fossil  forms  which  are  abundant  in  pits  a  abound  also 
in  pit  5.  Here  was  found  the  remarkable  Pandanace<>u8  fruit  figured 
and  described  by  Mr.  Cannithera,  F.L.S.,  F.G.S.,  of  the  British 
Museum,  in  the  Geological  Magazine,  AprU,  1868,  under  the  name 
of  Kaidacarpum  oolitieum. 

The  diief  characteristic  of  the  Buttock's  Booth  pit  (c),  which  ex- 
poses a  section  of  the  lower  beds  only  of  pits  a  and  6,  is  an  abundance 
of  fruit  of  Carpolithes,  fish-palates  and  saurian  teeth,  and  remains 
of  crustaceans  of  two  varieties  of  Eryma,  near  to  E,  elegans,  0pp. 
Osfteous  fragments  of  Teleosaunu  have  more  than  once  been  found 


Underlying  the  limestone  is  a  bed  of  blue  or  dark  grey  clay,  B,  of 
a  thickness,  ascertained  by  well-sinking,  of  14  feet,  which  is  also  to 
be  classed  as  Great  Oolite.  The  junction  of  the  limestone  with, 
and  indeed  its  passage  down  into,  this  clay,  is  to  be  seen  in  the 
bottom  of  the  pit  b.  Here  the  zone  of  Ehynchonella  eoneinna  and 
Modiola  inibricata  extends  into  the  Clay  itself.    The  junction  is  also 

*  Since  the  reading  of  this  Memoir,  Mr.  Etheridge  has  examined  the  Am- 
monite in  the  British  Museum  and  identified  it  as  an  old  and  smooth  individual 
of  AmmonUei  gracilis,  Buckman. 
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obsenrable  on  the  roadside  at  d^  whence  a  spring  flows,  except 
dnring  drought :  springs  occur  at  other  points  of  the  same  junction ; 
and  a  stream  dividing  Xingsthorpe  and  Northampton  takes  its  rise 
from  the  same. 

•  I  have  not  obtained  fossils  from  this  GLiy  at  Kingsthorpe,  except 
at  the  point  of  junction,  although  frequently  in  other  localities 
(ktrea  Swverhyi  and  some  other  Great  Oolite  fossils  abound  in  it. 
Until  recently,  it  was  worked  for  brick-making  at  €j  near  Buttock's 
Booth. 

Its  base  is  marked  by  a  ferruginous  band  of  from  a  few  inches  to 
a  foot  in  thickness,  observable  at  its  junction  with  the  underiying 
sand  at  a  pit  immediately  north  of  Kingsthorpe,  on  the  Brixworth 
road,  marked/,  and  at  olher  places. 

The  pit  last  mentioned  (/)  is  at  the  base  of  the  hill  between 
Eingsthorpe  and  the  limestone  quarries,  and  exposes  a  section  of 
about  12  feet  of  a  white  or  grey  sand,  0,  ihe  Upper  Division  of  the 
Northampton  Sand*.  The  line  of  junction  with  the  clay  above  is 
iiregular,  affording  evidence  of  an  eroded  surface,  and  marking  an 
unconformable  division  between  the  Great  and  the  Inferior  Oolite— 
a  division  observable  over  a  considerable  area,  and  in  perfect  accord- 
ance with  a  certain  important  fact,  to  whidi  I  shall  hereafter 
allude. 

This  Sand  is  stratified,  exhibits  in  places  ferruginous  stains,  and 
is  occasionally  varied  by  the  occurrence  of  argillaceous  bands  and 
patches.  It  is  more  or  less  coherent,  and  sometimes  so  indurated  as 
to  make  a  very  durable  building-stone,  formerly  much  quarried, 
many  public  and  other  buildings  in  Northampton  having  been  con- 
structed of  it  during  the  last  century. 

It  yields  no  fosrals ;  but  near  its  base  is  a  plant-bed :  a  band, 
from  6  inches  to  a  foot  in  thickness,  made  up  of  thin  horizontal 
layers  of  sand  separated  by  dark  laminse  (which,  when  first  split, 
present  a  surface  indented  apparently  with  leaf-  and  stalk-markings, 
filled  with  vegetable  matter),  overlies  a  bed  in  which  are  what 
appear  to  be  numerous  verti^  root-perforations,  penetrating  to  a 
depth  of  from  one  foot  to  two  feet. 

Beneath  the  plant-bed  is  a  somewhat  ferruginous  bed  of  dark 
brown  sandstone,  apparently  unfossiliferous.  This  is  the  upper  bed 
of  the  very  variable  series  which  I  have  grouped  under  D,  as  the 
Middle  Divincn  of  the  Northampton  Sandi 

A  characteristic  section  of  tUs  series  of  beds  may  be  seen  in  the 
Nursery  or  "  Shittlewell ''  pit  (g)^  a  few  hundred  yards  south  of 
Eingsthorpe. 

Section  of  the  Nursery  or  SMuleweU  Pit. 

it  in. 

1.  Yerj  ferrugxnouB  Sandstone,  in  thin  layers^  aometimes  shivered 

3ft.  to    4    0 

2.  Ferraginoufi  Sand,  Bometimee  indurated  into  stone 2    6 

*  For  the  dirision  of  the  Northampton  Sand  into  Uppers  Middle,  and  Lower, 
■ee  Diagram  of  General  Section  (p.  doO). 
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ft  in. 

3.  A  bed  of  a  peouliar  chanoter,  oonsistiiig  of  alternate  layers  of  oalca- 

reoua  ana  arenaceous  material,  each  about  half  an  indi  in  thick- 
ness, the  former  standing  out  in  ridges  when  weathered. 
These  layers  are  sometimes  horisonal,  and  sometimes  much  and 
Tariously  inclined  from  false  bedding    3    0 

4.  Hard,  irregular,  finely  laminated,  shelly  zone,  with  much  carbonate 

of  lime— contains  Acrosalenia  L^cetHi  and  many  oysters  and  other 
shells.    This  zone  is  not  constant ; 0    9 

5.  Thinly  laminated  bed  of  alternate  layers  (as  bed  3),  but  the  feJse- 

bedding  much  more  marked,  sometimes  inclined  from  right  to 

left,  and  sometimes  from  left  to  right,  in  alternate  zones 2    0 

6.  Similar  bed,  not  so  finelr  laminated,  and  with  false-bedding,  uni- 

form in  direction  and  less  marked.    Some  fossils    3    0 

7.  Hard  arenaceous  limestone,  in  two  beds,  false-bedded,  and 

becoming  slaty  towards  the  bottom  5ft.  to    6    0 

One  noticeable  peculiarity  in  this  section  is  the  prevalence  of 
false-bedding,  inclining  frequently  in  opposite  directions  in  alternate 
bands,  indicative  of  strong  and  diverse  aqueous  currents  during  the 
process  of  deposition.  Another  is  the  perfect  manner  in  which  the 
tests  of  sheUs  have  been  preserved  in  the  sandy  zones.  This  I  have 
found  to  be  the  case  elsewhere,  and  indeed  generally,  in  such 
xones. 

PronunenUy  noticeable  also  is  the  presence  of  several  vertical 
pipes,  of  from  a  few  inches  to  nearly  3  feet  in  diameter,  which  have 
penetrated  through  the  whole  of  the  calcareous  beds — doubtless  the 
effect  of  the  dissolving  action  of  water  charged  with  carbonic  acid. 
These  are  to  be  seen  in  section  on  the  face  of  the  pit :  they  have 
been  filled,  partly  with  the  arenaceous  residuum  of  the  rock,  partly 
with  the  sand  of  bed  no.  2,  and  partly  with  material  brought  down 
by  percolation  from  above. 

It  is  curious  that  in  every  case  these  pipes  are  bridged  over  by 
the  layers  of  the  ferruginous  bed  at  the  top  of  the  section ;  upon 
the  non-calcareous  material  of  which,  in  its  passage  through  it, 
the  water  chaiged  with  carbonic  add  has  had  no  solvent  effect. 

Another  section  of  this  division  of  the  Northampton  Sand  is 
exposed  in  a  pit  nearBoughton  (marked  A),  at  a  distance  of  a  mile 
and  a  half  N.N.E.  fix>m  this  Nursery  pit,  and  on  the  other  side  of 
the  high  groimd  in  which  are  the  pits  first  described.  Here  the 
section,  about  20  feet  in  thickness,  consists  wholly  of  calcareous 
rock,  divided  into  some  half-dozen  beds,  containing  few  fossils,  but 
showing  £alse- bedding  near  the  bottom. 

The  calcareous  condition  of  these  beds  is  persistent  over  a  con- 
siderable area  lying  in  this  direction ;  and  they  are  largely  quarried 
for  building-stone,  which  is  very  durable  and  of  a  good  colour. 

A  few  hundred  yards  south-west  of  the  Nursery  pit,  is  the  £ing»- 
thorpe  brick-pit  (i).  Here  is  seen  the  base  of  the  Northampton 
Sand  immediately  overlying  the  Upper  Lias  Clay.  It  presents  a 
section  of  from  6  to  8  feet  of  the  Northampton  Sand,  and  supplies  a 
continuation  downwards  of  the  section  of  the  Nursery  pit. 

Under  a  bed  of  about  two  feet  of  weathered  rubbly  brown 
sandstone  is  a  soft  arenaceous  bed  (also  about  2  feet  thick)  contain- 
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ing  oorals — among  oUiers,  a  peculiar  branching  coral,  freqnentlj 
occurring  in  the  Stamford  Oolite,  but  as  yet,  I  believe,  unde- 
sdribed. 

Beneath  this  is  a  bed  of  about  two  feet  of  calcareous  rock, 
thinly  stratified — and  under  all  a  bed  (one  foot  thick)  of  ironstone, 
thickly  studded  with  small  bodies,  which  are  either  rolled  pebbles 
or  concretionary,  nodules.  I  am  disposed  to  assign  this  and  the 
overlying  beds  of  this  section  to  my  Lower  Division  (£)  of  the 
Northampton  Sand. 

This  ironstone  bed  is  divided  from  the  imderlying  blue  day  of 
the  Upper  lias  by  a  zone  of  a  few  inches  of  mixed  materiaL 

I  may  here  mention,  in  passing,  that  I  obtained  from  this  Upper 
lias  Clay  the  new  species  of  Crustacean  described  and  figured  by 
Mr.  H.  Woodward,  F.G.S.,  in  his  « Fourth  Report"  on  Fossil  Crus- 
tacea in  the  '  Transactions '  of  the  British  Association  for  1868, 
and  which  he  has  done  me  the  honour  to  name  Penetis  Sharpii.  I 
have  also  obtained  from  the  same  day  a  very  large  head,  some 
vertebraB,  and  scutal  plates,  of  a  TeUamurus  of  an  undetermined 
species. 

Before  leaving  this  Kingsthorpe  area,  I  would  mention  that,  about 
thirty-five  years  ago,  a  shaft  was  sunk  in  search  of  coal,  at  a  point 
n^ar  the  summit  of  the  high  ground  of  Kingsthorpe  (marked  on  the 
map  with  ax).  A  depth  of  967  feet  was  reached.  At  a  depth 
of  860  feet,  the  blue  clay  of  the  Lower  lias  was  pierced,  and  is 
stated  to  have  been  succeeded  by  <<  80  feet  of  Sandstone,  12  feet  of 
Bed  Marl,  and  15  feet  of  Conglomerate,"  which  are  described  upon 
the  same  authority  as  *'  New  Bed  Sandstone ; "  but  the  authority 
I  believe  to  be  unreliable  upon  this  point. 

It  will  be  a  matter  of  surprise  that  a  renewal  of  the  attempt  to 
find  coal  by  means  of  this  very  shaft,  should  during  the  past  year 
(1869)  have  been  urged  in  the  '  Mining  Journal '  and  in  a  local 
newspaper,  by  a  Mr.  Buglin,  of  Mexborough,  near  Sheffield,  and  that 
people  should  have  been  found  who  were  disposed  to  listen  to  his 
suggestions. 

Abba  II.    Nobthaxfton. 

In  the  area  of  Northampton,  there  is  only  one  small  spot  (J)  at 
which  the  Limestone  of  the  Great  Oolite  (A)  occurs ;  and  it  has  been 
here  preserved  in  consequence  of  a  slight  double  or  triple  fault,  which 
let  down,  some  6  or  6  feet  below  its  normal  level,  a  patch  about 
55  feet  in  diameter*.  The  whole  area  was  afterwards  planed  over 
by  denudation ;  and  this  remnant  of  the  general  bed  of  limestone  was 
alone  left,  inlaid,  as  it  were,  in  its  underlying  day.  This  curious 
fact  was  only  disclosed  in  November  last,  when,  in  the  process  of 
levelling  land  at  the  back  of  the  borough  goal  for  building-purposes, 
the  following  section  was  exposed : — 

*  Along  the  brow  of  the  escarpment  of  the  branching  vall^  of  the  Nen  river 
in  this  area,  the  upper  beds  are  yery  much  broken  up  by  similar  small  foolts, 
occasioned  prohabfy  by  the  washing  out  of  underlying  soft  or  aranaoeotts 
beds. 
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Fig.  3. — Section  of  double  Fault  in  Northampton* 


a.  Smiaoe-floil 

d,  limestone  in  thin  broken  laven,  oometimes  full  of  sh^,  chiefly 

Ostrea^  and  dystalline  from  the  presence  of  carbonate  of  lime,  having        i  . 
an  iiT^^lar  incline  to  the  S.E. ;  at  the  bottom  a  softer  tone,  con-        '' 

taining  O^rea  Sowerbyi  and  large  Rhynchonel/a  coneinna 3 

c.  Soft  cream-coloored  sand  and  clay-bed,  full  of  Otirta  Sowerhyi 2  j 

(2.  Blue  cUy,  with  ferruginous  band  (0)  2  to    3    B 

/  Whito  and  grey  sand  with  an  admixture  of  day,  stratified,  and  ferru- 
ginous in  places up  to    8    C 

The  presence  here  of  the  lower  zone  of  limestone  with  Bhynchonella 
coneinna  and  Ostrea  Sowerhyi^  and  the  blue  clay  with  a  well-marked 
fermginous  band  at  base,  irregularly  overlying  the  white  and  grey 
sand,  completely  identify  this  section  with  tiiat  at  Eingsthorpe, 
notwithstanding  that  the  blue  clay  (B)  has  thinned  down  from  14 
feet  to  3  feet. 

About  half  a  mile  to  the  N.E.  of  this  section,  on  the  Xettering 
road,  and  close  to  the  stand  of  the  race -course,  is  a  large  pit  (iSr), 
quarried  for  clay,  sand,  and  building-stone.  At  the  top  of  this 
section  appears  a  cream-coloured  day,  which  I  think  may  possibly 
be  of  Drift  origin,  and  composed  of  the  material  of  the  denuded  lime- 
stone. I  am  induced  to  suggest  this  by  the  fact  of  the  very  irregular 
surface  (attributable  to  erosion)  of  the  Blue  Clay  beneath  (B) ;  which 
varies  in  thickness  from  1  to  3  feet,  and  appears  somewhat  disturbed 
in  places.  The  ferruginous  band,  which  c^whero  characteristically 
bases  this  clay,  is  observable  also  in  this  section. 

The  Sand  (C)  is  here  of  the  fall  thickness  of  12  feet.  It  is  much 
stratified  and  variegated  in  places,  and-  upon  the  whole  it  is  more 
ferruginous  than  I  have  found  it  in  other  sections.  Some  beds  are 
hardened  nearly  into  stone.  The  plant-bed  occurs  several  feet  above 
the  bottom  of  the  sand. 

Beneath  this  sand,  separated  by  a  well-defined  line,  is  a  ferru- 
ginous sandstone,  about  12  feet  in  thickness,  disposed  in  five  beds, 
the  lower  one  of  which  is  more  ferruginous  than  those  above  it. 
These  are  upper  beds  of  the  series  D ;  and,  as  in  the  case  of  the  fer- 
ruginous sandstone  basing  the  section  of  the  sand-pit  (/)  at  Eings- 
thorpe,  they  yield  no  fossils.  I  obtained,  however,  &om  this  pit  a 
ripple-mark^  slab  of  the  ferruginous  sandstone,  upon  the  upper 
&ce  of  which  is  a  film  of  the  white  sand.  Evidently  it  is  a  frag- 
ment of  the  surface-material  of  the  upper  bed  of  this  sandstone,  and 
indicates  a  littoral  or  an  estuarine  condition  of  the  area  at  the  period 
represented  by  this  junction. 

About  a  quarter  of  a  mile  N.  of  this  point  is  Mr.  Bass's  pit  (Z). 
The  lower  part  of  the  last  is  represented,  I  think,  in  the  upper  beds 
of  this  sectiofi.  The  pit  is  excavated  quite  through  the  ferruginous 
beds,  down  to  the  Upper  Lias. 
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So  variable  are  the  D  beds  here,  that  the  excavation  of  a  few 
yards  will  entirely  alter  the  details  of  the  section.  limestone  will 
be  replaced  by  aand,  sand  by  ironstone,  and.  either  by  limestone 
again,  with  every  conceivable  variation  of  change.  A  limestone 
band,  however,  about  midway  of  the  section,  seems  to  be  prelty  con- 
stant— a  circumstance  frequently  observable  in  other  sections  of  this 
series,  whether  the  beds  above  or  below  be  calcareous  or  not. 

With  regard  to  the  underlying  series,  £,  I  have  observed  mudi 
variation  in  thickness  according  to  locality,  but  that,  where  any 
considerable  development  of  thickness  occurs,  a  greater  uniformity 
of  character  is  exhibited  than  in  the  D  beds.  I  would  note  also, 
although  the  presence  of  iron  in  such  proportion  as  to  constitute 
iron-ore  is  generally  the  prominent  feature  ot  the  beds  E,  that  it  is 
not  uniformly  so.  Over  a  considerable  area  north  of  Northampton, 
the  calcareous  predominates  over  the  ferruginous  character  of  these 
beds.  On  the  other  hand,  in  some  few  localities,  certain  of  the  beds 
of  D  contain  iron  in  sufficient  quantity,  probably,  to  render  them 
available  for  smelting-purposes. 

The  foUowiDg  is  the  section  of  the  pit  at  one  point ;  and  although 
it  will  not  tally  with  the  section  at  a  few  yards'  distance,  it  will  serve 
to  give  a  general  idea  of  one  phase  of  the  D  and  E  series  of  beds. 

Section  of  Mr.  Bastes  Pit 

ft.  in.        ft.  in. 

1.  Very  ferm^nouB  aandstone,  in  thin  layers 4    0 

2.  Soft  ferruginouB  sandstone,  in  two  beds,  sometimes  extracted  in  large 

blocks   4  0 

3.  Orange  sand  with  roonded  limestone  masses    S  0 

4.  Flaky  hard  ironstone  with  oofareous  cores 1     0  to  1  6 

5.  Coarse  sand  with  thin  layers  of  sandstone,  rounded  at  the  edges,  with 

numerous  fragments  of  shells,  joints  of  Pimtacrinus,  &o.  1    0  to    2    0 

6.  Calcareous  fla^g^  bed,  blue-heartod,  sometimes  crystalline  and  Terv 

hard,  oontauing  Bhynchonella  eynoeephala  (?)  and  numerous  ir. 
tun'o^u,  and  much  wood a  few  inches  to     1    6 

7.  Bed  arenaceous  stone  3    0 

8.  Ironstone  in  irregular  beds,  having  a  cellular  texture  with  ochreous 

cores,  varying  in  richness,  and  containing  numerous  shells  in 
places   6    0  to    7    0 

9.  Limestone  bed,  with  green  centres,  sometimes  hard,  and  containing 

wood 1    0 

10.  An  ironstone  bed,  with  green  argillaceous  cores,  full  of  rounded 
pebbles  or  concretionary  nodules :  tliis  bed  answers  to  the  bottom 
bed  of  the  Northampton  Sand  in  the  Kingsthorpe  brick-pit  t. 
It  OfmiJBAnB  AmmonUu  bif rims  1     0 

In  this  section,  the  points  of  interest  are — the  zone,  no.  6,  which 
contains  more  than  one  species  of  Bhynehondla,  including  variabilis 
and,  I  believe,  eynoeephala^  and  the  lowest  bed,  no.  10,  in  which, 
not  unfrequently,  is  found  Ammonites  hifrons.  Mr.  Judd  has  col- 
lected from  a  calcareous  bed,  3  feet  thick,  immediately  overl3ring  the 
Upper  Lias  at  Brixworth  (probably  answering  to  bed  no.  9  in  this 
section),  a  decisive  example  of  Bhynchonella  eynoeephala. 

The  occurrence  of  these  distinctive  forms  has  induced  me  to  in- 
clude this  Rhynchonella  bed  (no.  6)  and  all  below  it  in  my  division  E 
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and  has  impreesed  me,  oombbed  with  considerations  as  to  other  areas, 
with  the  possibility  that  we  have  here  a  transitional  bed  connecting 
the  Fpper  lias  and  Inferior  Oolite,  equivalent  to  the  similar  bed 
(termed  by  Dr.  Lycett  "  the  eynocephala  stage  ")  of  Frocester  Hill 
and  the  Cotswold  district 

I  would  here  acknowledge  the  consideration  and  courtesy  of  Mr. 
Bass  in  preserrmg  and  presenting  me  with  many  fossilB  found  in 
his  pit. 

AjQother  good  section  of  these  beds  is  temporarily  open  on  the  pre- 
mises of  the  County  Lunatic  Asylum,  situated  at  m,  at  the  eastern 
outskirt  of  Northampton,  and  about  a  mile  and  a  quarter  S.E.  of 
Mr.  Bass's  pit.  This  wiU  serve  further  to  illustrate  the  variable 
character  of  these  beds. 

Section  at  the  Northampton  Lunatic  Asylum. 

ft.  in.       ft.  in. 

1.  A  aeries  of  foortoen  or  fifteen  bands,  from  4  to  6  inches  in  thick- 
ness, alternately  orange  sand  and  ferruginous  stone,  the  latter 
slightly  calcareous,  an  upper  stone-band  being  yery  farmginous    6    6 

2L  a  Tariabfe  bed,  sometimes  ferruginous  sandstone,  passing  laterally 
within  a  few  feet  into  a  limestone^  dug  for  building-purposes, 
contains  coral,  T^miuzf^tfa,  &c 1    3to    1    6 

3.  Hard  flaggy  ferruginous  bed,  somewhat  calcareous 1    6  to    1    9 

4.  Calcareous  band 0    9 

5.  Hard  ironstone,  in  four  or  more  bands  of  unequal  and  Tarying  thick- 

ness, yery  fossiliferons,  especially  in  the  uppermost  band 2    0 

6.  Softer  and  more  arenaceous  band,  many  shells 0    9 

7.  Rich  ironstone,  in  twelye  or  more  irregular  bands,  of  cellular  struc- 

ture, haying  ochreous  and  sometimes  argillaceous  cores,  with 
wood,  and  occasionally  fossiliferons  SEonee   about    6    0 

8.  Bed  in  blocks,  green-hearted  with  oxidized  surfaces  on  the  planes 

of  bedding  and  joints about    1    6 

9.  Flaky  ferrugmous  bed,  with  argillaceous  cores,  equiyalent  to  the 

bed  no.  10  in  the  last  section about    1    0 

One  set  of  joints  in  this  section  have  a  direction  N.W.  and  SJB. ; 
and  the  crevices  are  frequently  filled  with  a  soft  white  material, 
which,  upon  analysis  by  the  recently  deceased  Dr.  Berrill  (formerly 
a  student  at  the  School  of  Mines),  was  shown  to  be  allied  to 
aUophane. 

The  general  coincidence  of  the  lower  part  of  this  section  with 
the  same  portion  of  the  last,  classed  under  E,  is  observable. 

The  fossils  obtained  by  Dr.  Berrill  from  this  excavation  have 
been  courteously  presented  to  me  by  the  representatives  of  the 
lamented  gentleman,  who  was  cut  off  in  early  prime,  and  in  the  midst 
of  an  active  career,  by  an  attack  of  fever,  in  December  last.  A  list 
.  of  these  fossils  is  given  in  the  tables ;  but  I  may  notice  here  the  re- 
markable way  in  which  delicate  casts  of  the  tests  of  TriganioB,  Tan- 
credia  aanniformis,  and  some  other  small  shells  have  been  preserved 
(showing  in  the  same  specimens,  perfectly,  the  exterior  sculpture  and 
the  internal  hinge),  also  impressions  of  a  fragment  of  Cidaris  Fowleri 
and  of  a  spine  of  Cidaris  Wrightii,  the  abundance  of  Pinna  cuneata, 
and  the  state  of  preservation  of  many  of  the  tests  of  the  shells 
found. 
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About  a  quarter  of  a  mile  W.  of 
this  place,  on  the  Billing  road,  at  n, 
in  digging  out  cellars  for  houses,  a 
section  of  about  12  to  14  feet  has 
been  exposed,  cut  through  a  con- 
tinuation of  the  ironstone  beds  of  the 
Asylum  section. 

About  midway  of  the  section  is 
a  shelly  zone  about  8  or  10  inches 
in  thickness,  in  which  LimcB  of  seye- 
ral  species  (generally  large)  are  very 
abundant,  and  indeed  almost  the  only 
shells.  At  a  level  a  little  above  this 
zone,  corals  {Thamnastrcea  and  Lata- 
mcdandra  Davidsant)  occasionally  oc- 
cur. The  soft  white  material  of  the 
last  section  is  also  found  here. 

Very  near  to  the  last  spot,  in  Frith- 
street,  at  0,  in  excavating  for  build- 
ing, several  years  ago,  a  section  was 
opened  analogous  to  the  Asylum  sec- 
tion, and  containing  very  shelly 
zones.  At  a  few  feet  from  the  top, 
a  zone  of  coral  (TTiamnastrcea),  fre- 
quently in  large  masses,  was  found. 

A  similar  zone  was  broken  through, 
a  short  time  since,  in  making  a  culvert 
in  St.  Giles's  Street  (p),  and  was  here 
locally  associated  with  Pinna  euneata 
and  GervUlia  acuta.  Similar  coral  has 
been  found  at  an  intermediate  point 

The  junction  of  the  Northampton 
Sand  with  the  Upper  lias  day  has 
produced  in  the  town  of  North- 
ampton many  springs  of  ancient  re- 
pute, such  as  Scarlet  Well  (in  the 
old  dyers'  quarters).  King's  Well,  St. 
John's  WeU,  Becket's  Well  (named 
in  mediaeval  times  in  commemora- 
tion of  the  last  interview  between 
Henry  II.  and  the  Archbishop,  held 
at  Northampton  in  a.d.  1164),  and 
Nine  Springs  Head.  The  Water 
Company  draw  their  supply  chiefly 
from  the  Marlstone  by  a  well,  168 
feet  deep,  starting  from  a  level  about 
midway  of  the  Asylum  section. 
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AbXA.  in«   DUBIOK* 

The  parish  of  Boston  lies  immediately  west  of  Northampton,  &om 
which  it  is  separated  by  the  river  and  valley  of  the  Nen.  Its  highest 
ground  is  capped  with  Great  Oolite  limestone.  A,  which  is  quarried 
at  Hopping  Hill  (q),  about  two  miles  N.W.  of  Northampton,  on  the 
Dunchurch  road,  and  extends  from  that  point  in  an  irregular  band 
for  about  a  mile  and  a  half  nearly  due  west. 

At  about  three-quarters  of  a  mile  N.E.  of  q,  a  nearly  circular 
patch  of  this  limestone,  about  a  quarter  of  a  mile  in  diameter,  occurs 
upon  the  opposite  high  ground  of  the  Dallington  lordship  (r),  a  deep 
valley  and  llie  Dallington  brook  intervening. 

At  about  half-a-mile  S.  of  q,  another  patch  is  quarried  at  8.  This 
is  on  a  somewhat  lower  level,  having  been  let  down  in  the  fork  of  a 
double  fault,  marked  in  the  map  of  the  Survey. 

At  Hopping  Hill  (9),  the  limestone  pit  presents  a  section  of  about 
12  feet  elevation,  the  fossils  obtained  being  in  the  bulk  identical  with 
those  found  in  the  Eingsthorpe  limestone,  the  exception  being  that 
Fholadomya  lyrata  and  P.  HerauUi,  forms  not  common  at  Kings- 
thorpe,  are  here  very  abundant.  The  earthy  shale-bed  ('<IHrt 
Bed  ")  of  Eingsthorpe  is  also  present,  but  nearer  the  base  than  in 
the  former  section. 

Section  of  Limestone  A  at  Hopping  HUh 

fL  in.       ft.  in. 

1.  Soft  chiy-lile  marl  2    0 

2.  80ft  marly  rock,  in  three  layers  of  varying  hardneai»  containing 

Phdadomya  fyrata  tmd  P.  HerauUi,  Ac  1    6  to  2  0 

3.  Band  of  soft  marl,  yery  f all  of  shellB 0  9 

4.  Hard  marly  rock,  with  few  shells  , 1  0 

5.  Compact  arenaceous  stone,  somewhat  calcareous,  with  few  shells, 

Ostna  eostata,  Ao.  1    3 

6.  Earthy  shale-bed  (**  dirt-bed  ")  in  thin  layers,  containing  flattened 

biTalyes,  chiefly  Of^rea  1  0 

7.  Ditto,  more  argillaoeou^  and  paler  and  greyer  in  colour   1  0 

8.  Very  hard  limestone,  with  blue  heart,  Unynckonella  concinna  Ac...  1  6 

9.  80ft  limestone,  yery  full  of  shells,  Skynekonella  concinna,  Modiola 

imbrieaia,  Naiiea  ymnovM  B^eciw,  uargd  NautUi,  C^ype^  ...     1    6 

Blue  brick-clay  at  base. 

At  t,  a  little  more  than  a  furbng  N.W.  of  the  Hmestone-pit  q,  and 
on  the  N.W.  incline  of  Hopping  Hill,  the  underlying  blue  clay  B  is 
worked  for  bricks.  It  is  here  about  8  feet  thick :  at  the  top  of  the 
section  is  seen  its  junction  with  the  overlying  bottom  soft  bed  of  the 
limestone,  and  at  the  base  the  characteristic  ferruginous  band  ob- 
servable in  the  two  former  areas.  This  clay  has  occasional  bitumi- 
nous and  woody  bands  and  patches,  but  has  yielded  no  other  fossils. 

In  the  same  brick-field,  within  a  very  few  yards,  the  imderlying 
white  sand  C  is  dug  to  a  depth  of  about  6  feet,  but  has  not  been 
bottomed.  I  have  not  found  here  the  plant-bed,  which  probably 
has  not  been  reached. 

This  sand  forms  the  surface-bed  over  a  considerably  area  of  the 
opposite  high  ground  to  the  N.  and  N.W.,  constituting  the  Dallington 
and  Harlestone  Heaths. 
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At  a  distance  of  three-quaiten  of  a  mile  due  W.  of  Hopping 
Hill,  at  u,  is  the  very  ancient  and  large  *'  Old  "  Bnston  stone-pit, 
which  presents  a  characteristic  section  of  some  40  feet  elevation. 

At  the  top  of  the  section,  at  the  eastern  extremity  of  the  pit,  is 
the  white  sand  C,  reaching  a  thickness  in  some  places  of  4  feet : 
this  thins  away,  and  is  ahsent  in  the  southern  portion  of  the  same 
section.  At  the  hase  of  this  sand  is  the  plant-bed,  with  yertical 
perforations,  in  what  is  here  a  slightly  ferruginous  and  very  friable 
sandstone.  Beneath  this  are  some  12  feet  of  the  variable  beds  D, 
overlying  4  feet  of  coarse  limestone  and  slaty  beds ;  and  below,  from 
18  to  20  feet  of  the  lower  beds,  E,  of  the  Northampton  Sand. 

The  following  are  the  details  of  the  section  as  recently  exposed : — 

Section  of  Old  DuaUm  Stone-pit,  giving  Quarrgmen's  Terms. 

ft.  in.        ft  in. 

1.  White  sand  nil  to    4    0 

2.  Brown  soft  sandBtone,  with  vertical  plant-markings  ("  root-perfo- 

rations"?)       nUto    1    6 

3.  "The  Boylands"— a  series  of  beds,  each  from  6  to  9  inches  in 

thickness,  Terv  variable,  sometimes  hard,  in  which  condition  it 
is  "  best "  boildin^-stone,  and  sometimes  "  oaly  "  or  cnmibling. 
These  beds  occur  m  two  divisions,  the  building-stone  of  the  upper 
being  of  a  rich  red-brown  colour,  and  of  me  latter  of  a  colder 
fawny-brown  colour.  Wood  is  frequently  found,  and  I  obtained 
from  these  beds  a  slab  ripple-marked ;  sandy  sones  also  occur,  in 
which  the  tests  of  shells  are  perfectly  preserved 9    0  to  10    0 

4.  Orange  sand,  with  rounded  cores  of  arenaceous  limestone,  the  re- 

mains probably  of  the  oriffinal  bed  after  being  subjected  to  the 

action  of  water  charged  wiui  carbonic  acid 1    6  to    2    0 

6.  "  White  Pendle  "—in  two  beds  :— 

a.  Ckiarsely  granulated  limestone,  made  up  sometimes  of  oolitic 

grains  in  a  matrix  of  calcareous  cement,  sometimes  of  crys- 
talline angular  particles  with  comminuted  shells,  more  or  less 
arenaceous  in  places,  and  contaming  Belemnitea,  larse  Lima 
noT,  sp.yhirgd  Hinnitea  ahjectiu,  &c 2    0  to    3    0 

b.  Arenaceous  and  calcareous  slaty  beds,  very  like  to,  and  called 

by  the  pitmen,  "CoUeyweston  slate"   2    0  to    3    0 

6.  '*  The  Yellow  "  building-stone — consisting  of  six  or  seven  beds  of 

varying  thickness,  in  two  divisions,  differing  somewhat  in  tone  of 
colour ;  these  beds  contain  "  pot-lids  "  of  ironstone,  also  Cardium 
cognatumSui 6    0  to    7    0 

7.  "  Best  Brown  Hard  *'  building-stone,  in  throe  or  four  beds — a  coarser, 

stronger  stone  than  that  of  the  other  beds,  but  of  a  rich  red- 
brown  colour :  it  contains  few  fossils   6    0 

8.  *'  Bouf  h  Bag  ** — a  slightly  calcareous  sandstone,  green-hearted,  hard 

and  durable,  used  for  copings,  gravestones,  and  building:  it  con- 
tains Ammonites  Murchisona,  A,  opalinuSf  NatttUia^  Cercmya  ha" 
jocianat  Pholadomya  fidictUa^  Cardium  cognaiufiif  Cuctdlaa,  &c, 
and  a  characteristic  zone  of  ^[s^ar^tf  «2e^afif 3    0 

9.  "  Hard  Blue  " — a  very  hard  blue-hearted  stone,  the  surfaces  of  joints 

and  bedding  brown  from  oxidation :  it  contains  the  same  fossils 
as  the  last  bed,  no.  8,  excepting  Ammonite$  Murchisona  and  the 

Astarte-elegans  zone    3    0  to    4    0 

10.  The  presence  of  water  prevents  the  working  of  the  stone  in  this  pit 
to  a  lower  depth ;  Init  in  an  old  unused  pit  in  an  adjoining  field 
the  beds  for  about  three  feet  lower  are  exposed ;  and  these  con- 
sist of  cellular  ironstone,  having  sometimes  green  arenaceous,  and 
Kometimes  oohreouB  cores 3       0 
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It  will  have  been  observed  that  in  '^  The  Boyknds,"  bed  no.  3, 
much  woody  and  slabs  ripple-marked,  have  been  found.  These,  I 
take  it,  indicate  estuarine  or  littoral  conditions  during  the  period  of 
deposition. 

In  the  "  White  Pendle,**  no.  5,  we  have  a  prominent  example  of 
the  limestone  and  slaty  beds  which  I  have  found  to  occur  at  different 
points  over  a  considerable  area  in  the  same  position  in  the  general 
section  of  the  district.  The  calcareous  nature  of  these  beds,  and  the 
slaty  character  of  the  so-called  "  Ck>lleywe6ton  Slate  *'  (no.  5,  6),  and 
indeed  of  the  CoUeyweston  Slate  itself,  I  consider  to  be  attributable 
to  accidental  and  local  causes,  as  are  also,  within  more  limited  areas, 
the  remarkable  variations  upon  the  same  horizon  in  beds  described 
in  former  sections ;  but  I  cannot  but  think  that  the  persistency  of 
this  limestone  band  over  a  considerable  local  area  indicates  a  pas- 
sage in  time,  an  alteration  in  the  depth  of  the  aqueous  bottom,  and 
possibly  a  change  to  more  marine  conditions,  which  raise  that  band 
above  the  synchronous  and  patchy  variations  so  frequent  in  the 
beds  of  D.  This  persistency,  although  sometimes  the  slate  bed  and 
sometimes  both  beds  have  been  wanting,  has  induced  me,  for  my 
own  guidance,  to  adopt  these  beds  as  a  mark  of  separation  between 
what  I  consider  to  be  the  Middle  Division  (D)  and  the  Lower  Di- 
vision (E)  of  the  Northampton  Sand. 

At  a  distance  of  a  few  hundred  yards  from  this  Duston  " Old" 
pit,  is  the  "  Old  Slate-quarry  Close."  Here  a  stone-pit  (v)  was 
opened  a  few  years  since,  which  exposed  some  of  the  old  workings, 
carried  on,  at  some  unknown  distant  time,  for  the  obtauiing  of  slate 
alone.  The  old  process  was  that  si  ill  sometimes  adopted  at  CoUey- 
weston, and  calleid  *'  foxing."  Shafts  were  sunk,  and  the  slate  was 
extracted  from  beneath  the  overlying  beds  by  means  of  adits. 

The  section  of  this  pit  has  a  less  elevation  than  that  of  the  '*  Old 
pit ; "  and  the  beds  are  imperfect  continuations  of  those  of  the  latter, 
exhibiting  traces  of  both  natural  and  artificial  disturbance.  The 
characteristic  and  crowded  zone  of  Astarte  elegans  of  the  "  Bough 
Bag,"  no.  5,  of  the  last  section,  is  continued  into  this  section.  I 
have  also  found  this  zone  in  two  other  sections  in  the  Duston  area, 
presently  to  be  described,  severally  a  mile  and  a  half  and  two  miles 
from  this  point,  and  also  at  the  Harlestone  pits,  at  v\  more  than  a 
mile  to  the  north-east  of  Duston  '<  Old  "  pit ;  so  that  this  Mtarte^ 
elegans  zone  extends  over  an  area  at  least  three  miles  in  diameter  in 
one  direction. 

I  have  to  thank  the  proprietor  of  these  two  stone-pits  (Mr.  Samuel 
Oolby)  for  information  communicated  by,  and  fossils  received  from 
him. 

In  a  small  pit  temporarily  opened  at  a  short  distance  east  of  v,  I 
obtained  from  the  limestone-bed  no.  5  a,  a  very  perfect  tooth  of 
Megaloscturus. 

About  a  mile  south  of  the  "  Old  "  Duston  pit  (at  w),  upon  the  es- 
carpment of  the  hill  overlooking  the  wide  valley,  some  four  mUes  in 
breadth,  traversed  by  the  southern  branch  of  the  river  Nen,  and  by 
the  main  line  of  the  London  and  North-Westem  Bailway,  (in  which 
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valley,  at  the  borden  the  Upper  lias,  over  the  main-flat  the  Mid- 
die  1^8,  and  in  a  nairow  central  band  the  Lower  Lias,  are  in  sue- 
oeaaion  the  surface-bedsy)  is  a  pit  in  the  division  D.  The  section  here 
is  about  30  feet  in  elevation,  and  consists  entirely  of  white  sand  and 
sandstone,  in  which  no  fossils  have  been  fonnd.  Some  of  the  lower 
beds  of  tliis  section  are  seen  in  the  low  side-section  to  pass  into 
slightly  fermginous  sandstone,  some  fractured  surfaces  of  which, 
when  held  in  one  direction  towards  the  light,  present  a  peculiar 
bistre,  proceeding  from  innumerable  minute  facets  of  crystals  of 
carbonate  of  lime. 

To  return  to  the  neighbourhood  of  Hopping  Hill — ^upon  the  Dal- 
lington  side  of  the  valley  and  brook  already  referred  to,  is  an  old 
stone-pit  at  Xy  which  presents  a  section  of  about  25  feet  elevation, 
consisting  entirely  of  compact  brown  sandstone,  in  seven  or  eight 
beds,  yielding  no  fossils — ^precisely  the  material  of  the  white  sand- 
stone of  w,  plus  the  fermginous  colouring. 

Again,  at  y,  thre^-quarters  of  a  mile  S.E.  of  Hopping  Hill,  is  a 
recently  opened  pit,  just  showing  at  one  extremity  the  White  Sand 
C,  and  beneath  this  the  following  section : — 

Section  of  Pit  on  thi  DaUingion  and  Duston  Itoad. 

ft. 

1.  Goanennd  (deoompofledflondstona?)    1 

2.  Very  broken  sandstone 6 

3.  FU^7  sandstone,  slifhily  calcareous 4 

4.  SanaStone  in  beds  of  from  a  few  inches  to  two  feet 

thickness  7  to  8 

All  brown  from  ferruginous  colouring — no  fossils. 

At  a  few  yards  from  this  spot,  and  at  nearly  the  same  surface- 
level,  two  wells  have  been  sunk  through  68  feet,  by  admeasurement, 
of  ferruginous  rock,  without  dipping  into  the  Upper  lias.  In  these 
wells,  at  some  depth  below  the  base  of  the  above  pit,  the  AstarU- 
eUgans  zone  was  penetrated. 

*  I  have  obtained  from  the  well-sinker  the  following  rough  state- 
ment of  the  section  of  these  wells : — 

Section  of  Welle  at  Duston, 

About 
ft. 

1.  Red  "rammell"  and  sand 14 

2.  Bed  Bock,  in  yarioos  beds 14 

[From  some  materials  which  I  obtained  when  the  well  was 

sunk,  I  assume  that  the  xones  of  limestone  and  slate  occur  in 
these  beds.] 

3.  Bed  Bock,  in  three  courses,  yery  full  of  fossils 7 

[The  Axtarte  xone,  of  which  I  obtained  a  large  Uock,  occurs  in 

one  of  these  courses.] 

4.  Bed  "Freestone" 14 

5.  Ironstone 8 

6.  Oreen  Bock  ["  like  the  lower  beds  of  Buston  Ironstone"] 8 

The  Green  Eock  was  not  bottomed,  plenty  of  water  being  ob- 
tainable, but  forms  the  flooring  of  the  well. 

The  above  thicknesses  were  only  eetimated  by  the  well-sinker, 
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and,  in  tho  aggregate,  fall  short  by  3  feet  of  the  measured  depth  of 
the  well. 

A  quarter  of  a  mile  north  of  this  point,  and  a  mile  and  three 
quarters  from  Duston  "  Old"  pit,  in  my  own  garden,  at  a  lower 
level  than  y,  the  limestone  bed  overlying  the  slate  bed  (no.  5,  a  and 
6,  of  "  Old  *'  Duston)  occurs ;  and  below,  but  not  immediately,  is 
found  cellular  ironstone  with  ochrebus  cores. 

At  a  mile  S.£.  of  Hopping  Hill,  and  at  a  little  more  than  a  mile 
west  of  Northampton,  in  the  angle  formed  by  the  iunction  of  the 
roads  to  Weedon  and  Duston,  is  perhaps  the  most  important  iron- 
stone quarry  in  Northamptonshire.  During  the  last  eleven  years 
the  excavations,  varying  in  depth  from  25  to  35  feet,  have  been 
extended  over  an  area  of  about  16  acres.    (See  z.) 

The  whole  section  belongs  to  my  division  E,  and  consists  of  iron- 
stone of  varying  richness.  I  have  noted  the  section  some  five  times 
at  various  intervals,  but  have  found  no  very  great  variation  in  the 
character  and  order  of  the  di£ferent  beds ;  and  in  this  respect  they 
offer  a  striking  contrast  to  the  D  beds  of  Mr.  Bass's  pit,  the  variation 
in  which  is  so  remarkable. 

These  beds  are  very  fertile  in  organic  remains ;  and,  through  the 
intelligent  and  watchful  assiduity  of  Mr.  Eldret,  the  overlooker  of 
the  works,  I  have  been  enabled  to  obtain  from  this  quarry  a  large 
collection  of  fossils,  upon  the  significance  and  importance  of  which 
it  is  needless,  and  would  be  out  of  place,  for  me  to  dilate.  I  have 
often  paid  my  thanks  to  Mr.  Eldret ;  and  I  think  the  thanks  of 
geologists  generally  are  due  to  him,  but  for  whose  active  interest  in 
the  preservation  of  these  fossils  they  woxdd  certainly  have  been 
consigned  to  the  smelting-fumace,  and  thus  lost  to  geological 
science. 

A  great  part  of  the  area  of  excavation  was  the  site  of  a  Roman 
burial-ground ;  and,  through  the  agency  of  the  same  Mr.  Eldret,  I 
have  obtained  many  interesting  Roman  and  Romano-British  anti- 
quities, with  which  the  surface>soiL  and  imderlying  disturbed  mate- 
rial abounded. 

The  surface-soil  is  generally  about  three  feet  in  thickness,  but, 
from  ancient  disturbance,  is  frequently  mixed  up  with  the  material 
of  the  upper  bed  of  the  ironstone — ^this  disturbance  having  pene- 
trated to  irregular  depths,  frequently  of  6  feet. 

The  following  are  the  particulars  of  a  recently  exposed  section : — 

Section  of  Ironstone  at  Duston  Quarry^ 

ft  in. 

1.  Sur&oe  soil  and  rubbly  ironstone,  mixed  bj  disturbance  and  Tery 
irregular,  with  zone  of  Cardium  coowUum  or  Bitckmani  at  bottom    6    0 

2.  Stratified  cellular  ironstone  with  ochreous  cores,  in  thin  layers 3    0 

3.  Ironstone,  more  sandy  and  yery  shelly,  with  large  Nautilus  (obesus), 

AmrnonUes  MuroMsona  and  A,  oorrugatua,  Pholadomya  fidicula^ 
Cardia,  &c 3    0 

4.  Rich  cellular  ironstone  with  sandy  cores — zone  of  Astarte  eleyans, 

THg{muBf  Ceromyts,  and  majoy  oiher  sheUii   1    0 

5.  Bed  m  blocks  of  sandstone,  oxidized  upon  joint  and  bedding  planes    1    0 

6.  Very  rich  cellular  ironstone,  containing  many  corals :  from  tms  bed 
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ft.  in.    ft.  in. 
WM  obtained  the  remarkable  new  starfiflh,  SteQatfer    Skarpii, 
Wriffht  *,  also  Aaiarte  nwumut  in  dusters,  Rh^fnckoneUa  variabilis, 
TBrwratulaperoviUiSf  T.otxndeSf  &0, 1     6 

7.  Ironstone  containing  plants,  ^<TOM/!mia,  &o 1    0 

8.  "  Sand-bed  ** — coarsely  cellular  ironstone,  with  sandy  cores — some- 

times hard  sandstone — containing  few  fossils  1    6 

9.  "Four-foot  bed"~oellular  ironstone,  with  oohreous  and  argilla* 

oeous  cores,  in  many  layers  and  Teiy  crumbling,  alternating  fre- 
quently with  irregular  arenaceous  bands,  sometimes  2  feet  in  thick- 
ness, and  exceedingly  fossiliferous — Hinnites  t^'ectus,  Piecten, 
Ammoniteaf  Shynchanella,  Ao 4  0  to  6    0 

10.  Variable  beds,  with  very  green  cores,  oxidized  on  the  ioint  and 

bedding  planes,  in  thinner  bands  at  the  top  and  towards  the  bottom, 
occasionally  yery  rich  in  fossils,  the  tests  sometimes  preserred — 
Coral,  Lima  (yarious  species),  Pecten  artioulatuSf  wood,  Ac  Of  the 
larger  blocks,  the  iron-ore  coating  only  is  used  for  smelting  8  0  to  9    0 

11.  Much  broken  ferruginous  beds,  not  worked  because  of  water,  and 

little  known :  a  zone  at  bottom,  exposed  in  the  section  of  a  neigh- 
bouring day-pit^  is  probably  equiralent  to  the  Ammouiies-^ifronM 
zone,  tne  bottom  bed  of  Bass's  pit  I  haye  an  example  of  A.  id' 
frons  said  to  haye  been  obtained  irom  this  pit,  but  upon  doubtful 
authority.  The  lowest  zone  contains  numerous  rounded  pebbles 
or  concretionary  nodules about  3    0 

12.  Band  of  mixed  material,  as  at  Kingsthorpe  brick-pit 0    6 

Upper  Lias  Clay. 

Although  I  have  associated  in  this  section  certain  beds  with 
certain  fossils  generally  fonnd  in  them,  yet  this  association  mxiBt  not 
be  understood  to  amount  to  a  limitation.  The  more  abundant 
fossils,  such  as  Cardium  cognatum,  Isocardia  cordata  and  a  large 
new  species,  Ceromya  hajodana,  Lima  (yarious  species),  OucuUom 
(various  species),  Macrodon  hirsonensiHf  Trigorda  (various  species), 
Pecten  demissus,  P,  Uns,  and  some  other  forms,  are  found  almost 
indifferently,  but  irregularly,  in  all  the  beds  of  the  section. 

A  certain  significance,  however  (to  which  I  have  already  alluded), 
attaches  to  the  position  in  this  section  of  the  zone  oiAstarU  degansy 
having  immediately  above  it  a  bed  containing  Ammonites  Murehu- 
8oncB  and  Pholadwnyajidicula.  It  will  be  remembered  that  a  similar 
zone  occurs  in  Hie  Old  Duston,  Old  Slate  Quarry,  andHarlestone  stone- 
pits  (u,  V,  and  v'),  marked  by  the  presence  of  the  same  Ammonite  and 
bivalve — and  also  in  the  weUs  near  Hopping  Hill,  at  about  the 
same  distance  from  the  surface  as  in  the  Old  Duston  pit.  The 
occurrence  of  such  a  zone  at  these  five  different  points,  thus  marked 
at  two  of  them  by  the  presence  of  Ammonites  Murehisonce  and  Pho^ 
ladomya  Jidictda,  would  seem  to  point  to  the  conclusion  that  it 
represents  an  horizon  within  this  area,  and  to  the  equivalence  within 
the  same  area  of  the  beds  (at  whatever  points  found)  lying  between 
this  zone  and  the  Upper  Lias  Clay,  especially  as  the  thickness  of  the 
ferruginous  beds  penetrated  by  the  wells  (near  y)  is  more  than 
equal  to  the  entire  thickness  of  the  Old  Duston  pit  section  down  to 
the  Astarte  zone  added  to  the  thickness  of  the  Duston  ironstone  pit 
section  from  the  Astarte  zone  down  to  the  Upper  Lias  clay, — that  is, 

•  Vide  Note  by  Dr.  Thomas  Wright,  F.R.S.E.,  F.G.S.,  appended  to  this 
Memoir. 
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to  the  total  thickness  of  D  and  E,  the  sequence  of  the  heds  of  the 
wella-section  heing  also  fayonrable  to  such  an  assmnption. 

It  is  noticeable,  however,  that  at  the  **  Old  "  Duston  pit  the  green 
colouring  of  the  beds  begins  with  the  AstarU  zone,  whUe  in  this 
Ironstone  section  it  is  only  obseryable  lower  down.  The  absence  of 
the  green  colouriDg  in  the  higher  beds  of  both  sections  is  probably 
due  to  oxidation,  the  effect  of  atmospheric  influence.  In  the  ^*  old  " 
pit,  a  very  thick  mass  of  rock  is  superimposed  upon  the  Astarte  zone ; 
and  consequently  such  atmospheric  influence  has  not  permeated  that 
and  lower  beds ;  but  in  the  Ironstone  quarry  the  Astarte  zone  lies 
comparatively  near  to  the  surface,  and  considerably  above  the  level  to 
which  that  influence  has  penetrated.  This  difference  in  circumstances 
of  position  will  probably  account  for  the  apparent  discrepancy  in 
the  range  of  the  green  colouring  of  the  beds  in  different  sections. 

The  parallelism  of  these  beds  with  the  lower  beds  of  Bass's 
pit  (l)  is  not  only  su^^^ted  by  position,  but  is  confirmed  by  the 
fact  of  the  identity  of  some  characteristio  fossils  found  in  both 
sections,  notwithstanding  the  absence  from  the  last-named  pit  of 
the  Astarte  zone :  for  instance,  in  the  lower  beds  of  Bass's  pit  are 
found  two  large  species  of  Pleurotomaria  (armata?  and  a  species 
near  to  Marcausana  of  D'Orbigny) ;  and  the  same  forms  (unnus- 
takably  identical  with  those  from  Bass's  pit)  occur  in  the  Duston 
Ironstone  beds.  The  lowest  bed,  also,  like  ^at  in  the  last-named 
pit  and  in  the  Eingsthorpe  pit,  is  fuU  of  rounded  pebbles  or  con- 
cretionary nodules. 

That  these  beds  are  not  higher  up  than  the  Inferior  Oolite  is 
abundantly  shown  by  the  fossils  exhibited ;  while  the  view  that 
these  beds  are  possibly  equivalent  to  Dr.  Wright's  Frocester 
Cephalopoda  beds  is  strengthened  by  the  occurrence  of  Ammonites 
jurensis  (?),  and  in  three  other  pits  of  Ehynchonella  cynocepJuUa ; 
and  that  they  have  a  transitional  character,  by  the  probable  presence 
of  Pholadomya  amingua,  Ammonites  bifrons,  A.  opalinus^  and  some 
other  fossils  which  would  tend  to  such  a  conclusion. 

It  cannot  be  conceived  that  there  could  have  been  a  point  in  time 
at  which  the  period  of  the  Upper  Lias  definitely  ceased  and  the 
period  of  the  Inferior  Oolite  as  definitely  commenced.  One  must 
have  merged  into  the  other,  and  life-forms  have  been  gradually 
transmuted  into  or  superseded  by  other  life-forms,  during  a  con- 
necting period  of  longer  or  shorter  duration ;  and  my  suggestion  is, 
that  we  have  in  the  lower  beds  of  the  Northampton  Sand  a  strati- 
graphical  representative  of  a  portion  of  such  transitional  interval  *. 

Before  leaving  this  remarkable  section,  I  may  be  excused  if  I 
offer  a  few  words  upon  the  ferruginous  character  of  these  beds.  I 
need  not  say  that  they  are  not  in  their  original  condition.  The 
numerous  living  organisms'  of  which  these  fossils  (many  of  them,  as 
it  were,  oast  in  iron)  are  the  enduring  monuments,  could  not  pos- 
sibly have  existed  in  waters  charged  with  iron  to  the  degree  appa- 
rently indicated  by  the  present  condition  of  the  rock.  The  iron 
must  have  been  introduced  after  the  deposition  of  the  sedimentary 
*  See  Dr.  LjcetVs  opinion  in  note  to  the  Blisworib  Area. 


Digitized  by 


Google 


376  PRocsBDiVGfl  OF  THE  osoLoeiCAL  socivTr.  [Mar.  9, 

material, — by  infiltration  doubtless ;  but  whence  derived,  is  a  pro- 
blem yet,  I  think,  to  be  solyed. 

The  beds  have  thus  undergone  change — ^have  been  doidHy  meta- 
morphosed,— ^fiist  in  the  introduction  of  the  iron,  and  secondly  in 
the.  altered  form  in  which  the  iron  is  now  exhibited  in  the  cellular 
ironstone. 

There  can  be  little  doubt  that  at  some  period  the  iron,  subject  to 
local  variations  as  to  proportion,  was  equably  diffused  through- 
out the  mass  of  impregnated  material  (even  as  now  it  is  in  the 
slightly  ferruginous  brown  sandstones  of  the  Northampton  beds) : 
it  afterwards,  in  obedience  to  some  subtle  principle  yet  to  be  deter- 
mined, separated  from  the  associated  material,  and  arranged  itself 
as  walls  of  cells,  ever  varying  in  form  (some  being  rectangular, 
many  irr^^ular  and  many-dded  and  often  with  rounded  angles,  some 
nearly  spherical,  and  occasionally  concentric),  but  all  containing 
cores  of  the  original  material — whether  sand,  marl,  or  day — from 
the  majority  of  which  the  iron  has  almost  entirely  departed. 

The  quantity  of  iron  present  in  these  beds  offers  also  a  fertile 
subject  for  consideration.  The  ore  yields  on  an  average  40  per  cent 
of  pig-iron — sometimes  more  than  55  per  cent.  From  thb  Duston 
pit  alone,  more  than  1000  tons  of  ore  per  week  are  sent  away ; 
and  the  weekly  produce  frt)m  the  county  of  Northampton  is  frnm 
9000  to  10,000  tons,  yielding  from  3000  to  4000  tons  of  pig-iron. 
This  has  been  going  on  for  some  ten  or  twelve  years,  certunly  not 
always  at  the  same  rate  as  now ;  but  were  we  to  dot  out  on  the 
map  the  comparatively  few  excavations  from  which  already  such  an 
immense  amount  of  iron  has  been  obtained  (say  a  million  and  a  half 
of  tons),  and  compare  the  area  of  these  with  the  whole  area  occu- 
pied by  the  ferruginous  beds  of  the  county,  we  should  arrive  at 
such  an  idea  of  the  aggregate  quantity  of  iron  imported  into  these 
beds  subsequently  to  their  deposition,  as  to  involve  in  considerable 
difficulty  the  question  of  its  derivation  and  of  the  conditions  under 
which  it  was  introduced.       

South  of  Duston  is  the  east  and  west  branch  of  the  valley  of  die 
Nen,  and  immediately  south  of  Northampton  is  the  conflux  of  this 
branch  with  the  nordiem  branch  of  the  same  valley.  About  two 
miles  west  of  this  point  commence  thick  alluvial  beds,  which  oc* 
cupy,  with  a  bordering  of  Upper  Lias  Clay,  the  Nen  valley  and  its 
tributaries  for  many  miles  to  the  east  and  north-east.  The  upper 
bed  here  consists  of  an  earthy  day  with  much  vegetable  matter ; 
and  in  its  lower  portion  it  is  spotted  bright  blue  by  nodules  of 
Vivianite  or  phosphate  of  iron :  it  contains  at  its  base  numeroos 
remains  of  ox,  deer,  horse,  and  wild  boar,  frequently  stained  blue 
by  the  same  mineral.  The  lower  bed  consists  of  a  sandy  gravd, 
from  which  I  have  obtained  teeth  of  Elephas  antiquus  and  primi^ 
geniuSy  bones  of  Hippopotamus^  and  teeth  both  of  the  upper  and 
lower  jaws  of  Bhinoceros  tiehorkinus.  This  alluvium  overlies  the 
Upper  lias  day. 

On  the  southern  side  of  the  valley  is  Iluntsbury  Hill,  a  projecting 
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headland^  occupying  the  angle  formed  by  the  junction  of  the  Ncn 
valley  with  the  broad  valley  through  which  passes  the  London  and 
North-western  railway.  The  road  from  Northampton  to  Blisworth 
asoends  this  hill,  and  passes  over  the  junction  of  the  Upper  Lias  with 
the  lower  beds  of  the  Northampton  Sand,  marked  by  the  presence 
of  springs.  On  the  ridge,  near  the  Danes'  Camp,  is  a  small  patch  of 
Great  Oolite  Limestone  at  aa ;  and  upon  the  descent  on  the  southern 
side,  at  55,  the  junction  of  the  white  sand  C  with  the  beds  D  is 
observable.  Li  the  valley  below,  the  Marlstone  of  the  Middle  Lias 
is  the  prominent  surface-bed. 
At  a  distance  of  five  miles  from  Northampton,  in  this  direction,  is 

Area  IY.  Bliswoiiih. 

The  general  section  of  this  area  varies  in  some  particulars  from 
that  of  each  of  the  areas  I  have  yet  described.  The  high  grounds 
are  capped  with  a  thick  bed  of  Boulder-clay,  containing  rounded 
boulders  of  primary  rocks,  fragments  of  chalk  and  flints,  masses  of 
SipUzria^  rounded  blocks  of  indurated  Oxford  Clay  enclosing  nume- 
rous Ammonites  and  other  fossils,  &c. 

Between  the  Boulder-clay  and  the  underlying  Great  Oolite  Lime- 
stone, A,  is  a  bed  of  very  variegated  and  thinly  stratified  Great- 
Oolite  clay,  very  full  of  small  oysters  (Ostrea  suhrugtdosa).  This 
day  occurs  also  in  the  same  position  at  Tiffield,  about  two  miles 
8.W.,  and  at  Stowe  Nine  Churches,  some  six  miles  west.  At  the 
latter  place  it  is  seen  at  the  top  of  the  section  of  a  mass  of  Great 
Oolite  let  down  by  a  fault  below  the  level  of  the  neighbouring  iron- 
stone ;  the  wall  of  which  fault,  sharply  defined,  is  seen  in  the  quarry* 
I  have  indicated  the  place  of  this  day  in  my  General  Section  by  the 
letter  X. 

Another  variation  consists  in  the  remarkable  thinning  of  all  the 
beds  between  the  Great-Oolite  limestone,  A,  and  the  lower  beds,  £, 
of  the  Northampton  Sand.  These  beds,  B,  C,  D,  which  represent 
in  the  General  Section  an  aggregate  thickness  of  from  55  to  60  feet, 
have  here  dwindled  to  a  thickness  only  of  from  8  tx>  10  feet.  They 
have  again  thickened,  however,  in  districts  S.  &  S.W.  of  Blisworth. 

A  section  of  the  Great-Oolite  limestone  is  graphically  seen  in  the 
cutting  of  the  railway  between  the  Blisworth  and  Roade  stations ; 
but  it  may  be  more  particularly  examined  in  the  ancient  and  largo 
quarry  to  the  S.E.  of  the  village.  This  quarry  is  approached  from 
a  point  near  to  the  N.E.  entrance  of  the  great  tunnel  of  the  Grand 
Junction  Canal;  which  tunnel,  cut  to  a  length  of  nearly  two  miles 
in  the  Upper  Lias  clay,  constituted  one  of  the  great  engineering 
works  of  the  last  age. 

The  following  is  the  section  in  this  quarry  :— 

Seetian  of  Hut  Slitwarth  Great-Oolite  lAfnesUme  Quarry,  vntJi.  Quarry  ^ 

merCs  Terms,  ft,  in.     ft.  in. 

1.  Booldar^ay • 11    0  to  12    0 


2,  **  Bammel  "^— day,  very  Tariegated  (green,  yellow,  brown, 
blue,  and  black),  thinly  gtratified,  full  of  (htrea  8u6* 

n^«fi(Ma,  and  containing  wood , 1    6to    2    0 

TOl.  XXVI, — ^PABT  1.  2  P  ^  , 
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ft  in/     ft  inl 

3.  "  Fendle** — oonnsting  of  hard  dose  Umeetone,  Tei7 

heavy  and   Uue-hearted  (a  good  rough  building- 
stone^,  and  of  slat  j  or  flaggy  beds 4    6  to    5    6 

The  "Fendle"  is  dirided  into  four  diviaiona  or  beds: 
the  upper  two  are  each  from  15  to  18  inches  thick ; 
beneath  them  is  a  bed  of  flags  in  about  six  layer*,  each 
6  to  9  inches  thick ;  and  below  this  is  another  bed  of 
about  the  same  thickness  and  character  as  the  upper 
beds.  A^ne  at  the  bottom  of  the  last  oocadonally 
abounds  with  EchinobrumSy  Acrosalenia,  &o. 

4.  Sandy  band  in  thin  layers,  which  sometimes  assumes 

'  the  character  of  an  earthy  shale-bed,  and  is  sometimee 
argillaceous,  containing  numerous  oysters  having  the 

shells  preserved,  and  oooasionally  fish-palates 0    9  to    1    0 

[  5.  **  Marly  bed" — soft  calcareous  material,  burnt  for  lime    , 
— in  two  divisions,  and  containing  numerous  Phola- 
domym  2    0  to    2    6 

6.  **  Sandstone" — an  arenaceous  limestone,  soft,  but  hard- 

ening upon  exposure — ^a  good  building-stone — ^in  two 

divisions,  and  containing  few  fossils .«...      3    0  to    4    0 

7.  "  Bottom  marly  bed  '* — ^very  soft  and  "  rammelly,'*  burnt 

for  lime,  very  full  of  fossils — Ter^aUda  maxiUata 
{YeTjpeT{eci),Modiolaimbricata,A(rosalenia,&c..»,      3    0  to    3    6 

8.  Soft  clavey  band,  with  the  same  fosals,  and  fish-palates       0    6  to    0    9 

9.  *'  The  Blocks  " — open,  freely  working  oolitic  limestone — • 

sawn  up  and  faced  for  flooring,  window-sills,  chimney- 
pieces,  &c. — contains  Natdilus  Baberi^  N,  subtrun" 

catw,ClypetuMiUleri,mdC,Ploiii 2    6  to    3    0 

I  have  also  obtained  from  this  bed  two  specimens  of  a 
large  smooth  Ammonite,  about  16  inches  in  diameter, 
probably  of  the  same  species  as  that  from  Kings- 
thorpe  m  the  Baker  collection  in  the  British  Mu- 
seum, referred  to  in  my  description  of  that  section*. 

10.  Very  hard  bluc^hearted  stone,  with  some  fossils  1    0  to    1    3 

U.  Blue  Clay ;.. 1    0  to    2    0 

12.  Blue  close  stone,  much  fissured,  and  with  very  open  joints      1    0  to    1     6. 

13.  Blue  Clay. 

Tho  lajBt  thrco  beds  aro  below  the  level  of  the  ordinary  working, 
ftnd  are  given  only  upon  tho  report  of  the  quanymen. 

I  have  from  this  quarry  (I  think  from  one  of  tho  beds  of  the 
"  Pcndle,"  No.  3)  a  fish,  Phdidophorus  Flesheri,  Ag.  Agassiz  de- 
scribes and  figures  an  example  of  this  fish  (Foissons  Fossiles,  torn.  2, 
p.  281,  t.  37.  fig.  8),  but  gives  as  its  bed  and  locality  the  **  Inferior 
Oolite,  Blisworth."  I  have  a  strong  impression,  favoured  by  the 
appearance  of  the  figure  and  its  ijiatrix  in  the  plate,  that  Agassiz's 
finh  came  from  the  same  bed  as  mine,  and  that  his,  as  well  as  my  fish, 
belongs  to  the  fauna  of  the  Great,  and  not  of  the  Inferior,  Oolite. 

About  a  quarter  of  a  mile  N.W.  of  the  Limestone  Quarry  is  the  Blis- 
worth  Ironstone  Pit  Btdd;  of  which  the  following  is  a  section : — 

Section  of  Ironstone  IKt  at  BliswortK       .  ft  in. 

1.  Surface  soil .\....^.  1    0 

2.  Soft  calcareous  marl — decompooed  limestone  (?) 1    6 

3.  Hard  limestone^  aoraffwhat  shivered 1    3 

*  One  of  these  Aimnonitea  has  been  identified  by  PlofeiNrMoRil^F.G.S.,  as 
aa  old  and  sm6oth  fizamplo  of  J^  ^frocilist  BnokmaiL 
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it  in.  ft.  mr 

.4v  Soft  nutrly  bed,  with  (hirea  ^mMfAyi  abundant  ., 1  0 

j>.  Compact  marly  limestone  ,., > 2  3 

G.  Marly  limestone,  very  soft,  wifli  Oairea  Sowerbyi^  large  THgonia 

Moretonif  Modiola,  and  other  Great-Oolite  foesUs 1  3 

-7.  Dark-grey  clay,  with  niimeroiu  Osirea  Sowerbyi ;...  \  6 

8.  Ironstone  band,  with  Ostrea  Sowerbyi,  Modioki  imbricatay  Pterepema 

plana,  Pama  rugoaa,  var.  quadrata,  Naiica  (Euspira)  wjra- 
mdata,Sui ,    0  9tol    0 

9.  Very  yariable  sandy  clay,  sometimes  more  arenaoeons  than  argilla- 

oeous,  with  yertical  plant-marking 2  0tod  0 

lOp  Orange  sand,  with  nodules  of  ferruginous  sandstone 3  0 

11.  Coarse  of  oompaot  rook,  oooasionally  caloareouB lOtol  9' 

12.  Compact  rock,  more  ferruginous,  and  occasionally  argillaoeous 1  6 

13.  Ironstone  beds— <»llular  ironstone,  with  ochreous,  sandy,  pr  green 

cores :  towards  the  bottom  the  blocks  are  larger,  and  consist  in 
the  mass  of  green  arenaceous  material  coatM  with  iron-ore,  as 
atDuston  , ,  10  0  to  12    0 

ThQ  beds  2  to  6  are  limestone  of  the  Qreat  Oolite,  and  are 
probably  eqmvalent  to  the  lower  beds  of  the  last  section ;  but,  lying 
near  the  surface  instead  of  low  down  as  in  the  limestone  quarry, 
they  have  been  altered  by  atmospheric  action. 

In  the  General  Section,  these  beds  would  be  referred  to  A ;  7  and 
8  would,  I  think,  represent  B ;  9,  with  its  plant-bed,  C ;  10,  an3 
perhaps  11,  D ;  12  may  be  considered  perhaps  debatable  ground ; 
but  13  would  doubtless  be  included  in  E. 

The  fossils  obtained  in  these  ferruginous  beds  are.aU  of  kinds, 
collected  from  the  Duston  Ironstone ;  but  the  zones  of  AMarte  elegaHSf 
earcds,  asid  plants,  seem,  here  to  be  wanting. 

ThQ  junction  of  the  Ironstone  beds  with  the  Upper  Lias  is  seen 
on  the  roadnside  at  e  e,  well  up  on  the  hill  between  Blisworth  and 
the  railway  station. 

At  Gayton,  about  a  mile  to  the  west,  ironstone  is  also  largely  dug, 
the  beds  having  very  much  of  the  character  of,  and  yielding  nearly  tbe 
same  fossils,  as  those  of  Bliswprth, — ^very  fine  Pygaster  eemisulcatm, 
Cidaris  Fowteri  (confirmed  by  a  fragmentary  impression  found  by 
the  late  Dr.  Bernll  at  the  Northampton  Asylum),  very  large  ca^ts 
of  Oeramya  hajociana  and  Isocardia  (a  new  species),  Pleurotomaria 
armatay  Astarte  rkornhoidalisj  Phil.,  and  Hyboclyjms  ovalis,  Wright, 
being  noticeable.  The  overlying  beds  consist  of  the  same  series  as 
in  the  other  areas,  but  have  been  very  much  disturbed.  The  bottom 
bod  of  the  limertone  has  yielded  many  large  examples  of  Bhyncho^ 
ndla  eondwna. 

[Note. — Since  the  reading  of  this  Memoir  before  the  Society,  I 
have  been  favoured  by  a  visit  from  Dr.  Lycett,  who  examined  the 
majority  of  the  sections  which  I  have  described,  and  who  obliged  me 
with  the  following  written  opinion  as  to  the  geological  equivalency 
of  the  white-limestone  beds  of  the  disfcrict : — 

"  The  Great-Oolite  beds  of  Kingsthorpe,  Duston,  and  Blisworth 
appear  to  me  to  correspond,  both  in  their  lithologioal  eharacter  and 
included  fossils,  with  the  beds  of  Forest  Marble  to  the  eastward  of 
Minchinhampton.  The  PTioladomyas,  the  Cardiac  the  BvUce,  the 
Cordis  ore  identical;   and  the  association  of  these  forms  in  the 

2d2     oogle 


880 


PSOCESBINOfl  07  THE  OBOLOeiCAL  BOCIBTT.  [Mar.  9 


seams  of  marly  days^  together  with  Terebraiula  maaiHataf  T.  tnUr» 
nudia,  and  Clypei,  adds  greatly  to  the  resemblance.  I  should  be 
inclinedy  ther^oro,  to  assign  them  to  the  Forest  Marble  of  East 
Gloucestershire  and  North  Wiltshire. — J.  Ltcett." 

Dr.  Lyoett  has  authorized  me  also  to  say  that  he  considers  the  iron* 
stone  beds  of  the  Northampton  Sand  equivalent  to  the  fermginous 
beds  of  Glaizedale  and  "  the  Doggers,"  Yorkshire,  but  that  he  has 
not  found  sufficient  evidence  for  identifying  any  part  of  them  with 
the  "  supra-Liassic  "  sands  of  the  Cotswold  district — S.  Shabp.] 

Fig.  5. — Diagram  of  General  Section,  shaunng  the  pontum  of  the 
Tnfenor  Oolite  Limestone  and  Divisions  of  Northampton  Sand, 
Bliflworth  Clay    ...  (2ft.). 


Whito  Limestone...  (25  ft.) . 


Blue  Clay (15  ft.)  ...  _ 

Femiginoufi  band  ^ 

imestono  of  the  Inferior  Oolite  ^ 
■  Upper ...  I  White  Sand (12  O.)  ...  - 
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Inferior 
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Variable  bods   (30ft)...^^^ 

^  Limejitono  "I  f  A(t\ 

(     Slate.../     C^ft.}...r 

Beds  containing  1      /QrA.\ 
Lower  ...-{     Ironstone j  •••v*>it-;».»^-  . 

Amm.'hifrons  bed  , 

Conclusion. 

I  have  thus  endeavoured,  however  imperfectly,  to  illustrate  the 
Oolitic  geology  of  a  portion  of  the  county  of  Northampton,  and  have 
left  ample  material  for  further  inquiry. 

Although  Iho  ground  I  have  travelled  over  yields  so  much  that  is 
worthy  of  interest,  an  extension  by  a  few  miles  of  the  field  of 
investigation  would  bring  other  beds  and  other  questions  under 
review,  yhich  would  amply  repay  for  time  and  labour  bestowed 
upon  their  examination. 

By  including  the  Blisworth  area  in  my  present  .Memoir,  I  have 
added  a  member  to  my  General  Section  in  the  Great-Oolite  Oay 
w^ch  overhes  the  limestone  in  the  Blisworth  quarry,  and  which, 
1  believe,  was  first  detected  as  distinct  from  the  overlying  Glacial 
Clay  many  years  ago  by  Professor  Morris. 
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Had  Bot  the  limitB  neoessaiilj  of  such  a  dissertation  as  this  and 
of  my  own  time  forbidden,  by  extending  my  field  some  nine  or  ten 
miles  to  the  north  and  norUi-east  of  Northampton  I  might  have 
added  to  my  General  Section  another  member,  second  only  (if  second) 
in  importance  to,  and  perhaps  as  fiill  of  interest  as,  the  Northampton 
Sand  itself. 

The  great  bed  of  limestone  which  marks  the  country  about  Stam- 
ford, and,  traversing  Eutland  and  West  Lincolnshire,  attains  to  its 
greatest  development  in  the  last,  and  which  abounds  in  charac- 
teristic fossil  forms  of  the  Inferior  Oolite,  approaches  Northampton 
on  the  north  to  a  little  south  of  Harrington,  and  on  the  north-east 
to  the  neighbourhood  of  Kettering,  and  is  seen  no  more  in  the  direo* 
tion  of  Northampton  or  in  the  southern  districts  of  the  county. 

During  the  last  summer,  I  had  the  privilege  of  visiting,  with  Pro- 
fessor Eamsay,  Mr.  Etheridge,  Mr.  Judd,  and  Mr.  Howell,  a  quarry 
in  this  limestone  at  Glendon  Wood,  near  Kettering ;  whence,  on 
that  occasion,  were  ohtoiaed^Pygaster  semisulcaius,  Natica  lecJchamp^ 
ionensUy  J^erinasa  dngenda^  Serpxda  socialis,  PJwladomya  Jldietda^ 
Ceromya  hajodana,  Idma  (large  new  species  occurring  also  in  the 
ironstone),  Cardium  eognattmt,  Trigonia  hemisphcBrica,  OerviUia 
aenUa,  Pinna  cuneaUiy  and  other  fossils,  sufficiently  pointing  to  the 
Inferior  Oolite  as  the  formation  to  whidi  this  bed  is  to  be  assigned. 

The  position  of  this  limestone,  with  reference  to  the  Northampton 
Sand,  appeared  to  be  indicated  by  the  neighbouring  Glendon  cutting 
of  the  liGdland  Bailway  in  that  sand,  but  had  already  been  deter- 
mined conclusively,  as  I  believe,  by  Mr.  Judd. 

The  place  of  this  limestone  of  the  Inferior  Oolite,  in  reference  to 
my  General  Section,  is  above  0  and  below  B,  at  XX,  in  the  lino  of 
imconformity  (see  fig.  5) — thus  marking  the  range  upwards  of  the 
'  Inferior  Oolite  in  this  Midland  district,  cstablishiDg  the  line  of  de- 
marcation between  the  Great  Oolite  and  the  Inferior  Oolite  in  the 
neighbourhood  of  Northampton,  and  representing  a  period  of  marine 
as  intervening  between  two  periods  of  variable  estuariue  conditions. 
-  I  mention  this  fact  incidentally  only,  as  having  but  a  secondary 
bearing  upon  the  snbject  proper  of  my  present  Memoir.  Should  it 
ever  be  my  lot  to  complete  the  scheme  set  forth  in  my  Introduction, 
I  shall  go  fiilly  and  carefully  into  an  examination  of  this  limestone, 
and  into  the  question  of  its  position  with  regard  to  higher  beds. 

In  condnsion,  I  wish  to  acknowledge  and  to  tender  ray  thanks 
for  the  aid  and  information  which  I  have  derived  from  many  geo- 
log^ts,  naming  especially  Professor  Morris  (who  first  inoculated 
me  with  a  love  for  geology,  from  whom  I  derived  my  initiatory 
knowledge,  and,  during  many  a  pleasant  excursion,  much  subse- 
quent i^oimation).  Professor  Eamsay,  Mr.  Etheridge  (who  has 
kindly  identified  the  majority  of  my  local  fossils),  Mr.  Judd  (who 
has  given  me  much  assistance  and  original  information).  Dr.  Lycctt, 
Mr.  H.  Woodward,  Mr.  Carruthcrs,  Dr.  Hall,  Mr.  Davies  (British 
Museum),  and,  lastly,  but  particularly.  Dr.  Wright,  who  has  done 
me  the  great  favour  of  writing  an  account  of  my  new  starfish,  as  a 
fitting  accompaniment  (as  he  kindly  deems  it)  of  this  my  maiden 
contribution  to  this  Society,  r"  ^  ^  ^T  ^ 
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TabU  of  IbseiUfirom  Beds  of  ihs  Great  Ooliie  in  the  NeujMowhood  of 
Norihamptofit  ' 

[NoTB.— The  fo«il8  in  this  Limestone  consist  for  the  most  part  of  internal  caste  only, 
rendering  it  very  difficult  to  determine  with  accuracy  the  species  of  some.  It  is  not  im- 
probable, Uierefore,  that  instances  of  misdescription  may  occur  in  the  following  List] 


o 


LamsllibiiA5ciiiata  (Monott^aria), 

Eiogyra 

auriformis,  Goldf, 

GerTillia 

islipensis,  Sow 

chwsicosta,  Mor.  f  Lyc.^  var 

Hihnites 

abjectus,  PA»/ 

Lima 

oardiiformi^,  Sow 

duplicato,  Sow « 

improssa,  Mor,  ^'  Lye 

Ostrea 

acuminata,  Sow 

oostata,  Sow 

gregaria,  Sow 

Marshii,  Sow 

Sowcrbyi,  Mor.  <f  Lye 

subrugulosa,  Mtjr.^Lyc 

Pecton 

aimulatus.  Sow 

articuLitus,  Schlot 

Gricsbachii,  Lycett 

lens,  Sow 

personatus,  Goldf, 

rigidus,  Sow 

symmelricus,  Morris 

wollostonensis,  Lycett    

Pinna 

ampla,  Sow 

cuncata,  Bean 

Porna 

rugosa,  Goldf. 

Pteropema 

costatula,  Dedongch 

pbina,  Mor.  <}•  Lye 


Lamelliuuasciiiata  {Dimyaria). 

Auatiua 

plicatella,  Mor.  j-  Lye 

undulata,  Sow 

Astarte 

dopressa,  Goidf. 

cleganSi  Sow 

Curdium 

Biickmaoi,  Mor.  tf-  Lye 


1-5  iP' 


Cardium 
oognatum,  Phil.  i4iiu.*i*«i. 

globosum,  Bean «.... 

incertum,  Phil.  

Stricklandi,  Mor.  ^  Lye.  . 

subtrigonumi  Mor^  4"  -^yp*. 
jCeromya 

ooncentrica,  Sow 

Symondsii,  Mor.  <f  Lyei    . 

imdulata,  Mor.  ^  Lye.  .... 

sp.? ;: 

Corbis 

bathonioQ,  Moti^  Lye,  .^.t 
CucuUsea 

cancsllata,  Phil 

concinna,  Phil.  

cucullata.  Gold/.    

oblonga.  Sow... «ti..* 

Cypricardia 

batlionica,  2?''0r^.  .* 

caudaia,  Z-yc 

nucul iformis,  Rcemer 

rostrata,- <Sdw 

sp.? 

Cyprina 

bavidsoni,  Lycett 

islipcnsis,  Lycett     

Loweana,  Mot.  rf-  Lye 

rar.  clongata  ?  . 

trapcziformis,  Rotiner 

Gtoniomya 

hemieostata,  Mer.  ^  Lye.  » 
Gresslya 

peregrina,  PhU ;..k... 

Homomya 

Vezelayi,  i?'-^cA 

Isocardia 

nitida,  PAt7 

tencra.  Sow : 

Limopsis 

oolitica,  TyAreh ; 

Lithodomus 

inclusus,  Phil 

Lucina 

Bellona,i>'06 

cardioidca?,  UArch 

despocta,  PAt/.    , 


^ 


*  t 
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Bl^crodon 

hinoneD«u,.2?^ilfeA 

rufoatk,  Lycctt 

Modiola    

cuneata,  &>tD 

imbrieata.  Sow,  

Leokenb^i*  Mor.  ^  i^. 

Lonsdalei,  Mot,  ^  Lye 

Sowvrbjruia^  j&rofiA   

•abremformis,  Mot*  ^  Lye, 

tenuittziata,JVftfn4^.   

•p.? 

^  ?  ..»>«t>..^^*.M, ,«««,.» 

Mjrtilus 

asper»  iSoip 

tumidua,  M.w,  Hf.Lyc 

yacites 

Bdanii,  Mor,  <f  Imo,  

caloeiformis,  Phu,  


oompreaiius,  Mor,  4"  ^»  • 
craiviuaculuB,  Mor,  ^  Lye, 

decurtatua.  PhiL 

gibbosua,  Sow 

acarburgenaig,  PhU, .»•« 

aecuriformia,  Phil, 

Ter^uemea,  Buv,    

iumidas,  Mor^  ^  Lye 

unioniformis,  Mor,  ^  Lye 

^•P-? 

Nesen 

IbbetsonU  i/oms  

Nucula 

Menkei,  S(gmer 

Waltoni,  Mor.  j-  Lye 

Pholadoiqya. 

deltoidea,  &>«;.    

Heimulti,^. 

Ijrata,  Smo 

oblita,  Mor,  f  l^e. 

OTalia?,  A^, 

OTulum,  Jy 

Phillipaiiy  Morris  

Saemaniii,  Mor,  ^  Z^(r.  ...^ 

aocialia,  Mor.  j-  Lvc 

6olifearia»  Mor^  f  *4f^* 

Utfgeapeciea? 

ap.? ,1. ...;... 

Phoiaa 

o6^\ia^Mor*.t.  iye,,y 


Pholas 

pulohralU,  J?(^fi 

Quenatedtia         .   . 

kevigata,  Mor,  j-  iyo 

ohlitts  PhU. 

Spboora 

^iadridit  lyjrch,    

Tancredia  .     . 

angulata,  Lye ., 

axiniformia,  Phil 

planata,  Mor.  ^  Lye, 

truncata,  I^c, 

Thracia 

amygdaloidea,  Lye , 

curtansata,  Mor,  4- Lye. 
Trigonia 

oompta?,  Lye 

cruois,  Lycettf 

Goldfuaai,  ^(7 

Moretoiiif  Mor.  tf*  Lye,  ... 

sp.? „,». 

Unicardium 

gibbosum  ?,  MfiT,  ^  Lye, . , 

un^ressum,  Mor,  ^'  Lye. 

yarioosum,.  Sow,  . . . , 

parvuluiu,  Mor.  ^  Lye,  ,, 

Braciiiopoda. 
Bhynohonella 

concinna.  Sow,    « 

Terebratuk 

digona,  ^'ow : 

globata?,  Souj 

intermedia,  Sow.\ 

maxillata,  Sou^ 

obovnta?,  Soto.    : 


»  # 

«  « 

»  * 

*  # 

»  # 


Gahteroi'oda. 
Alaria 

armata,  Mor.  ^'  Lye 

trifida,  P^i/....".... 

Ambcrleyn 

nodosa,  Mor.  4-  Lye 

BulU 

undubta,  Bean  

Chemnitzia 

haniptOTicnsis  ?,  Mor:  '^  Lye. . 
Natica 

adducta,  Phil .: 


t  Thia  is  the  aarae  Triaonia  aa  that  fi^iped  in  Win.  Sniitlfs  '  Strata  idcntifiwl  by 
Organized  Fossila;  parit  4,  18l7,  Cornbraab  Fossils,  fig.  4. 

t  This  Tertbratuld  baa  been  thus  named  by  Dr.  Lycett;  Mr,  Ellieridge,  howaver, 
belierea  that  it  ia  only  a  variation  in  growth  of  T,  maxiUata^ 
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Natica 

ooronata,  Mor,  ^  Lye.  ... 
formooa,  Mor,  ^  Zyc.    ... 

globosa,  Rdtmer 

grandis,  Goldf.    

intermedia,  Mor.  ^  Lye. 

Michelini,  If  Arch 

neritoidea,  Mor,  St  Lye, 


(Euspira^pyramidata,  Mcr.^Lye* 

(Euspira)  Sharpei  ?,  Mcr,  f  L^c. 

teiata,  Ia/c 

Vemeuili,  VAtck 

Bpeoies?  

Norita 

hemisphierica,  "Raemer 

Nerinica 

funiculuB,  Ded 

punctata?,  Voltz 

hJtricklnndi,  Mot,  ^  Lye 

Voltzii,  2>erf.  

Phasianella 

acutiuscula,  3for.  ^  Lye^ 

Pleurotomaria 

armata  ?»  Aftin^. 

Trochotoma 

tabulato,  Mot»  ^  Lye 

Trochiw 

(near  to)  spiratus,  UArch 

monilitficiuB,  Phil, 


Cepiulopoda. 

Ammonites 

graciliii,  Buekm.  (large  old  andl 
smooth  examples) j 

sp.  small 

Belrmnites 

13as8inu8?,  UOrb 

Nautilus 

Baberi,  Mor,  ^  Lye.  

latidorsatus,  If  Orb 

Bubtruncatus,  Mor,  f  Lyo. 


Articulata. 
Sorpula 
plicatilis,  Goldf^ 


EcniKODBBMATA« 

Acrosalenia 
hemicidaroides,  Wright,. 

pustulata,  Forbes    

spinosa,  ^^.f  


s. 


& 


Acrosalenia 

Wiltoni,  Wright    

Hemicidaris 

minor?,  Ag,    , 

Clypeus 

Mulleri.  Wright 

V\o\^,  Klein   

EchidobrisBUB 

dunicularis,  Uhwyd  ., 

Griesbachii,  Wright  ., 

Woodwardii,  Wright. 
Holectjpus 

depresBUBi  Leske 

^entacrinus 

sp.? « 

Bp.? 


ZoopnTTA. 
Anabada 

orbuUtea,  If  Orb. 

Cladophyllia 

Babeana,  Edw,  ^  Home   »• 

Crustacea. 
_Eiyma 

sp.  allied  to  elegana  of  Opp» 


Q» 


Pisces. 
Uybodiis 

dortolis,  Ag 

Lepidotus 

sp.  ?  (jaw,  teeth,  and  scales)  . 
Pbolidophorus 

Flesheri,.^^ 

PycnoduB 

Bucklandi,  J^ ,..., 

jStrophoduB 

magnus,  4^.   

I    subreticulatuB,  .^^ 


Beptilia. 


lobthyosauruB?  , 
TeleosauruB 
flp.? , 


Plaxta 
Carpolithes 

BP? ^.. 

Kaidacarpum 
ooliticum  (gen.&Bp.  nor.),  Cor- 1 

rufhergl  j 

Wood  (almost  jet) 


t  And  from  TiiUeld,  the  adjoining  parish  to  Blisworth. 

*  See  figure^  a^id  a  full  description  or  this  remarkable  foesil  in  the '  QeoL  Mag/  April  lfl66» 
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Oyprioardia 

rofltnta,  Sow, 

ModioU 

imbriosta.  Sow.  .... 
FteropeniA 

plana,  Mar,  ^  Lye. 


Ostrea 

Sowerbyi,  Mor,  ^  Ltfc. , 

subruguloea,  Mor,  ^  Lye, 

Natica 

(Eospim)  pyramidata^  JIfor.  ^Lyc. 

■P 


Table  of  F&ssHsfrom  Beds  of  the  Norihamjpton  Sand  in  the 
Neighbourhood  of  NortTiampton^ 

[Note. — As  in  the  Great  Oolite  limestone,  so  also  in  the  Northanipton  Sand,  » 
large  proportion  of  the  fossils  consist  only  of  internal  caets,  bo  that  the  same  pro* 
bamiity  exists  that  there  may  be  some  instances  of  erroneous  description.] 

J)  signifies  that  the  fossil  was  obtained  from  the  Middle  Division  of  the  N.Sand* 
L  signifies  that  the  fossil  was  obtained  from  the  Limestone  Bed  of  the  N.  Sand. 
E  signifies  that  the  fossil  was  obtained  from  the  Lower  Dirision  of  the  N.  Sand. 


Lambllibranciiiata  (Monomi/aria). 

Aricula  Braamburiensifi,  Sotc^  var 

„     (oUied  to)  complicata,  Buekm* . 

„     insquiTaiyis,  Sow 

,f.     Miinsterii  Goldf,    


»f     "p.? 

Ezogyra  sp.  noT.  ?   

Qerrillia  acuta,  SS01O.   

'    ,»        Hartmanni,  Goldf,  .. 

lata,  PAt7. 

„        pnelonga?«  Zyc.  

,•        tortuosa,  Phil,  8p.    .. 
Oryphjea  subloba?,  Besch 

Hinnites  abjectus,  Phil,  

n  „        large  variety 

,f       Telatus,  Gol€(f.Bp.   .. 

LM)oeramiis  Fittoni,  Mor,  f 
„         obliquus,  Mor,  ^ 

Lima  *  (closely  allied  to)  antiquata,  Sow,  \ 


bellula,  Lye,  ^  Mor., 


ti 
4 


ill 


D 
D 
D 


D 

E 

D 
E 


J) 
E 


E 


D 
L 


D 
L 


D 
D 
D 
L 


il 


E 
E 

E 

E 

E 
E 
E 
E 
E 

E 

E 

E 

£ 
E 

B 


s 


£ 


£ 


*  Many  forms  of  this  genus  occur  in  these  beds  which  it  is  impossible  to 
dentify  with  certainty:  they  doubtless  represent  eeyeral  n9W  species. 
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lima  oardiiformis,  Sow <{ 

„     deltoidea,  nov.  sp.,  Elheridge,  MS. 

I,     dui^fssta,  fiSmc^.  | 

,,  dustoniensifl,  noT.  sp.,  EtK  MS* .... 

I,     electara • 

M         „     (with  Polyzoon,  Bp.)  

„  gnn.diB?,nonRcemer\                  f 

„     gigantea?,  non  Sow,  j \ 

„         M        ?Tar 

„     impreaaa,  Jlf(9f*.  ^  Z^ » j 

„     intentinda,  PA«^.  

)»     IwA&ntisft  I/Orb 

„     peotiniformu,  Sekloth .' 

„     Pontonia,  Ltfc, | 

I,     piincUta,  i8b».    ....4. \ 

„     rigida?,  Sow | 

„     ntdis,  Sow,»..k 

„     SharpiallA^  Etheridge,  MS.  (a1 
new  Bmoothsp.) J 

„     Bp.?  (rectangular) f 

Ostrea  oostaia,  9ow,i ,. 

„      gregaria,  i^Mi* ..^ 

„       Marshii,  Soul 

Meadii,  Sow. 


BubrueuloBa,  Mor»  ^  Lye. 
flabeUoides,  Xam. 


*>      sp?   • 

Peoten  arouatus,  So^ 

„      articulatus,  ScUot. 

„      clathratuB,  Ruemer 

„      demiflsus,  PhiL 


A 


„      lens,  fiiw •! 

,,      liasianus,  .  Ifysi   (oorneus    of  f 

Gol4f-  non  SowJ)  ^ j 

„      penonatuB,  Ziet,  ,. 

„   -  small sp.? V 

Pema  ragoeis  GoW , I 

„    quadrata,  Phil*    , 

Pteropertia  costatula,  Ikdongch. .   

gibboea,Zryc 

o         plana,  A/br.  4r /^c.    | 


D 


D 


D 
D 

D 
D 


D 
.D 


D 
E 
E 
D 


E 
D 
E 

a 

E 
D 


D 
E 
D 

E 
D 
E 


D 

£ 
D 
D 
D 


D 
E 
L 
D 
E 
D 
E 
J) 
E 
D 
L 

E 

S 

D 
E 


E 
D 
£ 


D 

E 

D 
L 
L 


L 
E 
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L 
D 
E 


L 

D? 

D 

£ 

E 
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E 

E 
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E 
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£ 

£ 
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*  Mr.Etheridge,  in  thianame;  hae  kindly  complimented  the  author  of  this  Memoir. 
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Piima  ampla,  8o¥f,  i.. .!.....« 

„     omieata,  PAi^.    .., ;. / 

Plaoutiopiu  jiuronmsf  Smmer  ..».« .-. 

„  iooialis?,  Mor,  j-  Zj^...., 

Plintbla  tiiberottlosa,  Mor.  f  i^.... 

IiAMiLLiBiLurcnuTA  {Dm^orid), 

Area  mintttaf,  Saw >.%.... 

„     Prattii.  Mor,  ^ 
A8tarted0preB8a?»  Oi 

„      elegans,  S(m.   ..»....( 

„       minima,  PkiL  ..'. 

,,       rhomboidalist  PAi/. .» ,»... 

Garditun  Budkmahi,  Mor,  ^  Lye.  | 

„        eognatum,  PAt/.    | 

„        temiooatatmn,  2^e.  

„        (near  to),Stricklandi,  Mor,  ^Lyc. 

Ceromya  oajooiana,  IfOrh •.....««.. i. 

^  „        eonoentrica,  Sow,  .^ ...i. 

„        aimilifl?,  I^ .....i 4 

"P.^  .... 

GorfaioeUa  baUumioa,  Mcr,  ^Lyo*  .«. ...... 

Corbia  (allied  to)  Lijojei,  JTArdi m. 

GraaBina ?,  PA«/*   *....n 

Cypricardia  iMLthomea,  I^Otb, 1..;.  | 

M         acutanenla,  i^0r6.  «.,.!.. ». 4.. 
M  iluculilormii)  Bmm&r^  sp..*. . . . 

„  Bp.?   ...4 * »,,». 

Qrprina  ir apezifbrmis,  BoBfiker  ,. . . , 

Cucollfta  canoellata,  PA»A   ....«.r... ..»...,. 

„        cuouUafca,  OoUlf^ , 

„        oblbnga, /Soto «....«. ..»».. 

'  „      .omata,PAt/. ..». 

,1        soTerai  aps.  undetermined  » 

Oreolya  abducta,  PAt^    .'..' 

H        latiroatris,  ^^ » 

„        peiMrina,  iV(>r.  ^  lyc. 

Homomja  Vezelayi  ?  lyArch *....... 

IflocakUa  ooidata,  Buckm ;..../ 

„        new  epecieB  Harge)  .......4 

Lithodomua  inclusua,  Fkil. .'...i 

Luoina  Bellona,iy  Ord.    .- 

n  „    Tar.  depreesa  ?,  Mor,  ^  Lye, 

„      cra68a?,  Sow 

„      rotundaia?,  ^cem^ 

Macrodon  hirsonensis,  Mor.  4"  Lye 
Modiola  Binfleldl?,  Mor.  ^  Lye.  .. 

tf      imbricata,  Sow 

I,      Lonadalei,  Mor.  ^  Lye 
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MbdioU  Sowariyyvim,  2>'Or6. 

I,      tabreniformifl,  ifor.  #i<^ 

„      small  sp.?  , 

„       unionoideB    ..., , 

.*        "P.^  

myooODtiuk  ontt/^  SoWt  •■•... 

Opi«,fp.? 

Pholadomja  ambigua,  Sm0.   

„  fidicaiA,  Sow 

^  ildicola?  or  new  sp.  (semi- 1 

Acatioofis)? J 

M  Henulti,  Ag.  (Desboro')  E 

„  hofb  new  mcidB? 

QmnfltadtiA  UsngaU,  Jtfor.  4*  Xjfip.    

oblita,  Pka, 

Tmaertduk  mifolaU?,  Lyeeii 

„         axinifonnis,  rkil.  

„         pUnata,  3for.  ^  Zye. 

Trigoniaangulata?,  iSov 

„       ooinpta»  Lg^,    

„       ooetata,  Ptfr* j 

„  „       yar.  polliu,  Sow, 

„        doitioulata,  A^,  

„        dupHcata,  Sow. 

„        GoidfuMi,  Jg.  

,,        imprana,  &H0 

,,        PhiUifwli,  JIfor  ^  2^6, 

„  SharpianA  (new  species),  Lg/ceit 

,,        Y-oostata,  l^e 

„        9p.t  

Unicardiiim  ffibbosum,  Mor.  ^  Lye 

„  unpressum.  Mot.  ^  Lye.  ... 

p         parniluni,  Mot.  ^  Lye 

„         Tarioosumf,  Sow, 

,1         »P.? { 

Bkjichiopoda. 

Bbynehonella  angulata,  Sow, 

„  cynooephala,  Rich* 

,,  quadriplicata,  Ziet,   

„  subdecorata,  Dov. 

,y  tetraedra,  £bco.t 

,,  Bubteftnedra,  Dao, 

„  ivtM^B,  SchMh.    I 
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*  In  the  lower  part  of  the  bed,  and  at  Brixwortb,  in  the  same  reladre  position. 

t  Vid€  Dayidson's  Ool.  Brack.,  pi.  xriii.  fig.  10.  This  form  is  also  nearly  allied 
to  R,  Mbdeooraia,  Day.  It  is  also  found  oommonlj  in  the  '*  Ironstone"  in  other 
parts  vf  the  oountiy. 
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BhyncfaoMlIa  Tariabilis,  tmt.  bidena.  PkU. 

Terebntula  Baokmaai,  2>a9. 

„         impreua,  T.  Buck, 

tp        OToidof,  Sow 


peroralifl,  8ow»   .... 
fubmaxillala,  Sow, , 


Oastkbopoda. 

.Alaria  armata,  Mor,  ^  hue, 

„      triiida,PW. 

Ghemnitsia,  miniite  sp 

„         scarbnrgeiisisy  Mor,  f  Lye,,. 

Curnis  acufcufl,  So)w 

M    ^  nodosiUj&o 

littorina  puxictiura,  Bean 

Natica  addueta,  ThiL 


ria,  Im 

\fI4fe,   

vn, 


ledduonptonenaiii, 
M     neritoidcA,  Mor, 
„     Yemeuiliy  I/Arcl 
I,     oasU  and  imi^readons  of  sereral  1 

undetenmned  gpeoies / 

Noniuea  cingonda,  ^roAM 

,^      Buirenoyi?,  J/Jreh,  (small  sp.) 

»t      »P-,? ; 

Nerita  hemisplucrica  ?,  Bctffi» 

Patella  inornatay  Mor.  ^  Lye 

^     Dana,  Sow 

„     mgosa,  Sow 

Plauxotomaria^A^Iaia^  ItOrh,^  yar. 

„  anmato,  if  if iM^. 

„  dathrata,  GoUf,  

n  Maroouaana,  J/Orb,  (var.) 

M  omata,  2)i|/rofM0  

^  pjramidata  

Troehotoma  aJuE,  Pi^!  !!!!!!!!!!!!!!.7.'.!!! 

t„         obtnaa,  Mor,  ^  Lye,   

•»        tabnlatai  Mor,  ^Lye, 

Cbphalopoda. 

iBimoiiitMlnfroiia,  PAt{. 

tr        inngnis,  junior,  SchMer 

,,       jnrenau,  Ziet,  

«y        MaxchiaoniB,  i8!oi9.   

,»  „    Tar.  oomigatiu,  Sow. 

^        niortensis,  JfOrh. 

yf       opalinoa,  i?«tf». 

»^       (Keeled)  sp.,  young  of  Mur- 

chieon»? 

^       (no\.eel\tna,? 

»,        (like)  solans,  PAt7.  . 
t,       large  smooth  species 


E 
B 


B 
£ 

B 
E 


B 
E 


B 


••• 


E 

E 
E 


E 

E 
E 

E 


E 


E 
E 
E 
B 


E 
E 


E 


E 

E 
E 
E 


E 

E 

E 

E 
B 


B 
B 

B 
B 
B 


B 
B 
B 

E 

E 


E 
E 
E 
E 
E 
B 
E 
B 
E 
E 
E 
E 
B 
E 


B? 

B 

B 

B 

B 

B 

B 
E 

E 
E 


B 
B 


B 
B 


B 
B 


B 
B 

B 

B 

B 


B 


Uooole 


uigitized  by 


WM 


noawmam  or  xbs  aeiMioAi  aoontr. 


[MdrVS, 


.5  5 


it 


II 

P5 


II 


AmmonitM,  fl]^.  ?    

NaatUiufl  obesus,  Sow^  

$t      polygonalis,  Soto, 
„       sinuatua,  Sino.   ... 

f>  '     ■?.? 

BoIeniniteB  aoutus^  Miller, . . 


BemnuB^P'Orh,. 


elongatufl,  MOler 


phragmaoones.... 
dittopvery  large. 


Abticulata-  ^ 

Serpuja,  tp • ,.«.•< 

,  „       plicatillfl,  Ool4f.  :.: 

,,  '      aooialig,  Goldf. 


BCHIKODCRMATA. 

AcroeiileniA  l^oetiil,  Wriffkt   

„         BpinoMLf  Ja , 

Oidarii  Fowlori,  WrigM ;.;..., 

„     WrighUi,  Detar  (spme)  , 

Clype^  Hughii,  Jg 

»   •     sp.? 

Echinobnasus  duniculat is,  JUAt0^<2.  

Hybodlypua  agaiicifonnis,  Forbei 

,1,         oyali%  Wrigkt 

F^ga4er  laintsulcatua,  JPkU, 

StbmephinuB  germinana,  Phil, , 

Stalla^ter  Bharpii,  Wright,  nor-specvt  ... 

P«iitafrinuB,  stem  and  branbli  joints  ...  | 

ZOOPHYTA, 

Gladojphyllia,  sp.f,  or    •  .  .  \ 

Rhabdophj^Uia  V\i\\]i'pfak,^EdtD.^.Ha^i 
Isastnea  Btcbardsoni,  3^.»£<it£;arc28    ...... 

II    ;     sp.?, 


E 


Tbampastnea,  8]9.  ?  ^ 

Latonleandra  Dayidsoni)  M.^Edw. 
MontllTaltia  Wrightii  ?,■  M.-Eduf, 

Stylink  aoUdA?,  M'Coy , 

Coralfisp.? « 


|SpongJa,Bp.?., 


Amoephozoa. 
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»  See  DesoriptiTe  Note  by  Br.  Thomas  Wright,  F.B.S.B.,  F.G-.8.,  Ac,  i^ppendfd 
t6  this  Memoir.  This  remarkable  fossil  will  be  figured  in  a  forthoomingTOluxne  of 
the  PalsBontographioal  Society's  Monographa.  ^  , 
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Bbtozoa. 


fiofortlip*? 


Crustacea. 

Cleniis?  specioi?  ,..., 

Carapace  of  a  Crab?  ♦  (resembling  Ater-  "I 
gatisBoaoii)   j 

BXPTILIA. 
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HegalosaoniB,  ap.  ?  (tooth) . 
Teleoflaunu,  sp.?  (acute) .... 


ImpresBlona  of  bracts  of  oone  ?   

,,  of  flag-like  leayee  with  seeds 

„  do.         larger  sp 

,,  of  leaf-like  fem>frona  show- 1 

ing  venation  and  sori?  J 

M         of  leaf-like  forms  (horizontal/f 
Vertiod  perforations  (Equisetites  ?)    ... 
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[Non. — ^Besides  tiie  fossils  enumerated  in  the  foregoing  Table,  there  are  not 
a  few  others,  which,  consisting  of  internal  casts  only,  it  is  impossible  either  to 
identify  or  describe.  Some  of  these,  there  is  eyeiy  reason  to  suppose,  represent 
new  species,  and  one  or  two  possibly  new  genera  {  and  such  I  reserve  for  future 
examination  and  comparison.-— S.  S.] 

Notes  on  a  Nbw  Spbcies  of  Stabpish  from  the  Ibokbtokb  Bibd«  of 
the  Ikfbbior  Oolitb  of  Northampton.  By  Dr.  Thomas  Vbioht, 
P.R.8.E.  and  G.S. 

The  genus  Qoniaster  was  proposed  by  Prof.  Agassix,  in  his  '  Pro* 
ilrome/  to  include  Starfishes  with  a  large  pentagonal  body^  having 
the  margin  bordered  by  a  series  of  wide,  thick  plates  or  tesserae, 
vnperimposed  in  pairs^  and  which  support  spines,  granules,  &g.  The 
upper  and  under  surface  of  the  disk  is  covered  with  small  polygonal 
plateSySet  closely  together  like  a  mosaic,  and  fitted  into  this  marginal 
framework :  the  free  surface  of  the  ossicles  is  smooth  or  covered 
3isrith  granulations.  The  ambulaeral  furrows  are  narrow,  with  two 
rows  of  pedal  suckers  therein ;  the  vent  opens  near  tho  dorsal  sur7 
face,  and  the  mouth-opening  is  slit-like  and  pentagonal. 
,  MUller  and  Troschel,  in  fiieir  '  System  ^er  Asteriden/  suppressed 
^he  genus  Qoniaster,  and  instead  thereof  erected  the  genera  Ag^o- 
ffonium,  Goniodiscus,  and  SteUaster.  The  diagnostic  characters  of 
'these  groups  were  chiefly  obtained  from  the  structure  of  the  mar- 

t  I  am  indebted  to  Mr.  Henry  Woodward,  RGJS.  dco.,  of  the  Bridih  Museuoi, 
for  this  so^igestion,  offered  as  oorgecture  only. 
i'fC  'VindicatM'the  Upper  Pivisio^  of  the  l^orihiii^ptpn  J^anL 
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g^nal  plates  and  appendages  thereof,  the  fig^ire  and  arrangement  of 
the  discal  plates,  and  the  form  and  development  of  the  rays : — 

1.  Astrogonium*  Marginal  plates  large  and  smooth  towards  the 
centre,  their  inner  border  encircled  by  granules. 

2.  Qoniodi$cu$.  Marginal  plates  having  the  entire  npper  surface 
covered  with  dose-set  granulations. 

8,  Stettaster.  Marginal  plates  granulated,  the  ventral  segment 
supporting  a  pendent  spine,  the  rays  elongated  and  tapering  to  a 
lanceolate  extremity. 

Many  of  these  characters  are  absent  in  fossil  OaniasteridcBy  and 
are  therefore  valueless  for  palseontological  purposes ;  for  this  reason 
•I  have  retained  the  genus  Ooniaster  for  the  large  pentagonal  short- 
rayed  forms,  and  that  of  SteUaster  for  those  with  a  smaller  disk  and 
moro  elongated  rays. 

This  division  must  be  considered  merely  provisional  until  wo 
become  better  acquainted  with  the  comparative  anatomy  of  extinet 
forms.  The  very  fine  fossil  discovered  by  my  friend  Samuel  Sharp, 
Esq.,  F.G.S.,  in  the  Ironstone  beds  of  the  Inferior  Oolite  near  North- 
nmpton,  and  which  forms  the  subject  of  this  communication,  belongs 
to  the  group  SteUatttf^  in  consequence  of  the  smallness  of  the  disk, 
and  the  length  and  development  of  the  rays.  The  absence  of  pen- 
dent spines  or  any  indication  of  their  presence,  warns  us,  however, 
to  be  cautious  in  drawing  hasty  conclusions  as  to  the  true  generic 
position  of  this  Starfish,  seeing  that  the  presence  of  this  spine  is  con- 
sidered  to  be  diagnostic  of  living  Stellasters.  Whether  this  fossil 
«ver  possessed  su<Si  a  spine  or  not,  the  mould  does  not  enable  mo  to 
make  any  positive  statement  anent. 

STELLAilTER  ShASPII,  Wright. 

Diagnosis. — Body  pentagonal,  sides  arched,  rays  much  elongated 
-and  tapering  to  a  narrow  extremity  ;  marginal  plates  thick,  surface 
of  the  same  finely  granulated.  Under  surface  of  the  disk  covered  with 
small  close-set  polygonal  ossicles,  having  had  apparently  a  very 
granular  surface.  The  circumference  of  each  ray  surrounded  by 
sixty  pairs  of  marginal  plates,  which  extend  from  the  centre  of  the 
arch  of  one  interradial  space  to  the  same  point  of  the  adjoining  area. 
Ambulacral  furrows  wide,  oral  opening  lirge. 

Dimensions, — Diameter  of  the  disk  two  inches  from  the  centre  of 
one  areal  arch  to  the  same  point  on  the  opposite  one ;  from  ray- 
point  to  ray-point  six  inches,  depth  of  the  border  at  the  centre  of 
the  arch  three  tenths  of  an  inch. 

Deseription. — ^This  remarkable  fossil  is  entirely  a  mould  in  Iron- 
stone, none  of  the  ossicles  having  been  preserved ;  but  the  sharp 
impressions  of  their  forms  and  sculpture  impressed  on  the  Ironstone 
reveal  a  tolerably  correct  idea  of  the  anatomy  of  the  plates. 

The  Starfish  rests  upon  its  upper  surface,  which  is  firmly  im- 
bedded in  the  matrix,  so  that  the  size,  shape,  and  character  of  the 
dorsal  ossicles  still  remain  to  be  discovered.  Those  on  the  under- 
side of  the  disk  are  nearly  uniform  in  size,  and  are  small,  pentagonal 
and  hexagonal. 

The  granulations  on  the  surface  of  these  small  bones  appear  to 
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have  been  retj  large,  whilst  these  on  the  marginal  tessene  were  very 
smalL 

Affinities  and  differences, — This  spedes  resembles  SteUaster  Ber^ 
ihandi,  from  the  *  Calcaire  a  Entroques '  of  M&oon ;  it  differs,  how- 
ever, from  that  form  in  being  larger,  and  in  having  the  interradial 
spaces  more  arohed  and  the  rays  themselres  mnch  larger.  But  tlie 
marginal  tessene  and  discal  ossicles  are  very  much  alike.  The  mould, 
however,  does  not  give  the  character  of  the  granulations.  It  differs 
from  OonUuter  cbtutuSf  Wr.,  from  the  Inferior  Oolite  of  Crickley,  in 
having  longer  and  more  lanceolate  rays,  and  from  Ooniaster  hamp- 
imungiSf  Wr.,  frx>m  the  great  Oolite  of  Minchinhampton^  in  the 
greater  width  of  its  tessersB  and  length  of  its  rays. 

SlELLASIBB  £EBTHiJBn>I,  Wright. 

BiagfMM, — ^Body  pentagonal,  sides  with  arches  much  flattened ; 
tesserBB  thick  and  narrow,  36  to  40  pairs  around  the  margin  of  one 
ray ;  under  surface  of  the  disk  covered  with  small  close-set  equal- 
mzed  ossides ;  ambulacral  furrows  wide ;  dorsal  discal  ossicles  ab- 
sent. 

Description, — Since  Mr.  Sharp's  specimen  came  into  my  hands 
for  description,  a  plaster  mould  has  been  kindly  communicated  to  me 
by  Professor  Berthand,  of  M&con,  Saone-et-Loire,  France.  The 
original  was  collected  from  the  '  Calcaire  &  Entroques,'  M&con.  I 
mention  it  here  in  connexion  with  SteUaster  Sharpii^  Wr.,  as  show- 
ing that  Ooniaster  was  a  type  of  the  AsteridsB  which  prevailed  during 
the  first  stage  of  the  Jurassic  period,  as  the  three  forms  wo  now 
know  are  all  specifically  distinct,  and  belong  to  the  Lower  division 
of  the  Oolitic  series. 

Discussion. 

Mr.  W.  W.  Sierra  commented  on  the  great  value  of  careful  obser- 
vations by  local  geologists,  such  as  those  brought  before  the  Society 
by  Mr.  Sharp. 

Mr.  Ethsbtdos  pointed  out  how  a  few  years  ago  it  was  supposed 
that  hardly  a  fossil  was  to  be  found  in  these  Northampton  Beds,  and 
that  they  all  belonged  to  the  Great  Oolite,  and  not  to  the  Inferior, 
an  error  in  which  the  Geological  Survey  had  shared.  The  district 
was,  however,  now  being  resurveyed  under  the  new  light  which  had 
been  thrown  on  the  character  of  the  rocks  by  the  extensive  quarrying 
which  had  taken  place  during  the  last  few  years,  and  which  had 
afforded  the  opportunities  so  judiciously  utilized  by  the  author  of  the 
paper,  who  had  placed  the  order  of  succession  and  the  character  of 
the  Northampton  Beds  beyond  dispute. 

Prof.  MosBis  had  found  a  difficulty  in  reconciling  the  phenomena 
of  the  eastern  and  western  Oolitic  areas,  but  considered  that  the  key 
of  the  arrangement  was  to  be  sought  in  the  district  between  North- 
ampton and  Stamford. 

Mr.  Shabp  briefly  replied. 
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Uabob  93, 1870. 
Frederick  Antonj  Potter,  Esq.,  B.Sc.,  Absoc.  Boyal  School  of  lfina>^ 
Oromfbvd  Derbysiure,  was  elected  a  Fellow  of  the  Society. 

The  following  commimications  were  read : — 

1.  19oiiee  of  a  Ftnetusst  of  a  Rephuak  BKjJUsfirom  ih$  Uppbb 
CBSTAGBQirso/QBVirBACH.    By  Dr.  Emakubl  BnvnL. 
[Oommunioated  by  Prof.  Huxley,  FJLS.  Ao.] 
(Abstract) 
TpB  hone  described  by  the  author  was  found  by  Prof.  Sness  in  a 
coal-mine  belonging  to  the  Gosau  formation  at  Griinbach,  near  Wiener 
Neustadt,  from  which  Prof.  Suess  obtained  numerous  other  bones 
also  belonging  to  terrestrial  reptiles. 

The  author  stated  that  the  reptilian  character  of  the  bone  ap- 
peared at  the  first  glance,  as  it  shows  a  single  condyle  and  a  tem- 
poral fossa  resembling  that  of  a  Crocodile ;  but  it  has  some  pecu- 
liarities, such  as  the  convexity  of  the  occiput  and  its  gentle  passage 
into  the  roof  of  the  skull,  without  forming  an  angle  as  in  other 
reptiles,  the  txansverse  ridge  in  the  occipital  r^on,  the  want  of 
sutures  between  the  bones,  the  globular  form  of  the  condyle,  the 
horizontality  of  the  base,  the  ascending  direction  of  the  divus,  and 
the  large  brain-cavity,  which  render  it  impossible  to  refer  the  animal 
to  which  this  bone  belonged  to  any  recognized  order  of  Beptiles. 

The  known  skulls  of  Dinosaurin^ns  have  a  steep  occiput,  and  ex-» 
hibit  more  of  the  Lacertilian  typo ;  the  fragment  described  by  the 
author  rather  resembled  that  of  a  bird.  The  author  consequently 
suggested  the  formation  of  a  new  order  of  fossil  Eeptiles,  OimUko- 
cephala,  nearly  allied  to  the  Omithoscelida  of  Prof.  Huxley, 

For  the  animal  of  which  this  fragment  is  the  only  known  relic, 
the  author  proposed  the  generic  name  of  StrtUhioaaurus, 


2.  On  ihe  Palaontoloot  of  the  Juitction  Bsds  of  tTie  Lowbb  and 
Middle  Lias  in  (jfLoucEsrsBSHiRE.  By  ]^lph  Tate,  Esq.,  Aaaoo. 
Lin.  goc.,  F.G.8.,  Ac. 

[Plate  XXVI.] 

Pi^ETiQus  to  the  writings  of  Messrs.  Oppel  and  Wright  on  the  das^- 
fication  of  the  various  members  of  th^  Lias,  that  portion  of  the 
system  which  intervenes  between  the  great  limestone  series  of  the 
Lower  Lias  bdow  and  the  Marlstone  above  was  referred  to  the 
Lower  Lias ;  but  these  authors  }iave  draw^  the  line  of  4^Biarcation 
between  the  Lower  and  Middle  Lias  through  the  mass  of  days  and 
shales  which  constitute  the  median  portion  of  that  system,  the  aone 
of  Ammonites  raricostatus  being  the  uppermost  member  of  the 
Lower  pas,  and  that  of  Ammonites  Jamesoni  the  lowem^pat  member 
of  the  Middle  Lias.  Now  it  has  not  been  shown  in  any  English 
publication  that  this  separation  harmonizes  with  the  distribution  of 
organic  remains,  and  by  the  superficial  reader  the  boundary-line  may 
well  be  considered  an  arbitrary  one  i  it  will  be  my  endeavour  to 
establish  the  division  of  the  Lower  and  Middle  Lias  as  drawn  by 
Oppel, 
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Th4t  tiie  «M|6  of  4mmmi«9  (MiptriomwM  ia  intimately  ooii]iect64 
with  the  Marlstone  theie  cannot  be  a  doubt,  and  in  the  TorkBhiio 
Iiiaa  it  has  for  many  jean  been  grouped  with  it;  but  aa  the  lonei  of 
Ammomiea  Jamaoni  and  A>  ibesoy  in  this  country,  have  usually  been 
r^arded  as  imperfectly  fossiliferous,  the  necessary  data  for  oompaii-i 
son  being  absentj  the  position  of  these  zones  in  the  Middle  lias  has, 
with  some  degree  of  reasonablenessi  been  questioned,  more  especially 
because  the  lithobgical  conditions  of  the  upper  nmes  of  the  Lower 
lias  (s^nsu  %trieio)  are  repeated  in  the  cone  of  AamonUe$  Jameaom. 

Professor  Eamsay,  in  his  Anniversary  Address  to  the  Gedogical 
Society  in  1864,  leads  us  to  infer  that  the  divisional  line  between 
the  Lower  and  Middle  Idas  is  one  of  convenience;  he  shows  by 
tables  l^e  number  of  species  which  pass  upwards  through  the  zones 
of  the  lias,  and  in  a  r^mrni  states  that  firom  the  zone  d  Awmtmitet 
rarieoitaiMf  which  forms  the  top  of  the  Lower  Lias,  six  species 
(eighteen  species  only  are  recorded),  or  about  thirty-three  per  cent, 
pass  upwanis  into  the  Middle  Lias,  whilst  from  the  zone  of  Ammo-' 
m<^  JDavcd  (here  equi^ent  to  the  zones  of  A.  Jamesoni,  A^  ibeso^ 
and  A.  iMpricfmim)  thirty-one  spedes  pass  upwards,  or  very  nearly 
thirty-eignt  per  cent.  The  feicts  from  which  the  above  results  have 
been  obtained,  if  examined  in  detail,  show  that,  as  regards  the  species 
of  AmmomUSf  their  range  is  trenchant,  but  that  common  spedes  of 
fessils  graduate  upwards  frvm  one  division  to  another. 

The  number  of  species  recorded  in  England  from  the  several  sones, 
is  given  as  follows: — ^zone  of  A.  tm^notusy  6;  A.  rarieotMm^  18$ 
A,  Henkyi  and  A.  Davady  82 ;  and  considering  the  paucity  of  foflsils 
Arom  these  zones  bordering  on  the  junction  of  the  Middle  and  Lower 
Lias,  it  would  be  unphilosophical  to  lay  too  much  stress  upon  theiv 
palsontological  affinities  and  differences. 

The  scanty  published  information  we  possess  relative  to  the 
organic  remains  of  the  lowermost  zone  of  the  Middle  lias  is  given 
by  Oppel  and  Wright.  The  former  author  estimates  the  thickness 
of  the  zone  of  Ammonites  Jamesom  in  Robin  Hood's  Bay  at  100  feet, 
and  mentions  the  following  fossil  species : — Ammonites  Jamesom,  A. 
Tayhriy  Belemnites  elongatus,  Qryphaa  obliqua,  Pholadomya  deeorataj^ 
and  Phn/nafQlium.  He  also  notices  the  development  of  this  zone  at 
Ghannouth,  but  gives  no  list  of  fossils ;  Mr.  0.  H.  Day,  however,  has 
enumerated  twenty-eight  species  of  Mollusca  from  it.  In  the  neigh- 
bourhood of  Cheltenham,  Dr.  Oppel  did  not  determine  the  occurrence 
of  the  zone  of  Ammonites  Jamesoni ;  but  Dr.  Wright  says*  '*in  Olou- 
oestenhire  the  beds  representing  this  zone  are  found  only  in  some  deep 
brick-pits  near  Leckhampton,  whence  I  obtained  fragments  of  Ammo^ 
hiiesJeimesoni  and  Qryphcsa  o&2igtia,  with  Bht^nehoneUa  rimosaJ'  ^ 

Having  during  a  series  of  years  made  a  comparatively  extensive 
collection  of  fos^  from  the  <<  Belemnite  beds"  of  the  neighbourhood 
of  Cheltenham,  and  being  aided  by  several*  collectors  and  other 
sources  of  information,  I  am  enabled  to  record  from  the  sones  of  ^tn- 
monites  oxynotus  and  A.  rarieostatus  fifty  spedes,  and  from  the  zone 
of  Ammonites  Jamesoni  one  hundred  and  sixteen  spedes ;  these  data 
t  Men.  Brit  ABteriadflB,  Pal.  Soo.  p.  78  (1864). 
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go  far  to  establkh  a  brood  line  of  demaroatioii  between  the  Loww 
and  Middle  laas. 

The  fpecies  enumerated  in  Table  L  (p.  397)  from  the  zones  of  A. 
owynotm  and  A.  rcaicogtatua  have  ooenned  at  Cheltenham,  with  the 
following  exoeptionB,  Bel.  exeawxtus  and  B.  degant  (York^iire),  and 
MowUimUia  mucronata,  M.  mammifarini$f  and  M.  radiala  (Fenny 
Compton).  Those  in  Table  11.  (p.  398)  have  ehiefly  been  obtained 
from  near  Cheltenham  and  at  Aston  Magna ;  the  species  recorded  by 
Brs.  Oppel  and  Wright,  Mr.  Day,  and  Frof.  Phillips,  from  the  sone  of 
AmmoniUs  Jamesom  in  Yorkshire  and  Dorsetshire,  are  introduced. 

At  Cheltenham  the  zone  of  Ammankes  JamOoni  is  exposed  in 
the  day-pits  by  the  Leckhampton  Bead ;  it  consists  of  a  mass  of 
blue  sludy  day  with  a  few  thin  bands  of  compacted  shells.  With 
the  exception  of  AmmoniUi  ibex^  A,  Vdldanif  A.  HenUyi^  the  Belem- 
nites,  and  Inocerami,  the  fossils  are  of  small  size,  but  most  of  the 
species  enumerated  occur  in  great  numbers.  The  most  abundant 
species  are  Ammonites  VaUdaai,  Bdemnites  davatus^  B.  umJbiHeatM^ 
B.  aanfeontu,  DenUdium  minimum,  Cerithium  Slatteri,  Chemniizia 
liagsica,  C.  BlainvUlei,  Tttrho  admiranduSy  Nucvia  eordataj  Leda 
Oalatea^  Area  Sirieklandi,  Peniaerinus  basaUiformis,  WcUdheimia 
numiimidis.  The  totality  of  the  species  correlates  these  beds  with 
the  Bdemnite  schist  or  Numismalis-beds  of  Hanover,  Wiiitembeig, 
and  France,  the  most  complete  list  of  fossils  from  whidi  is  that 
given  by  Schlonbach*.  He  records,  eliminating  synonyms,  seventy- 
five  spedes  from  this  zone  as  devdoped  in  the  north  of  Oermany ;  of 
these,  thirty-nine  are  peculiar,  thirty-three  pass  to  the  zone  above,  six 
are  found  in  the  Lower  lias,  and  thirty-six  occur  in  beds  of  the 
same  horizon  in  England. 

The  spedes  recorded  from  Aston  Magna  were  obtained  by  Mr.. 
Thomas  Slatter  in  the  railway-cutting  near  that  village  :  the  exact 
relation  of  the  bed  yidding  the  fossils  was  not  ascertained ;  but  that 
gentleman  informs  me  that  it  is  a  soft  blue  day  underlying  five  or 
six  feet  of  blue  shaly  clay,  literally  filled  with  broken  pieces  of 
Spirifetina  verrucosa  and  BeUmnites,  The  specific  identity  of  the 
greater  number  of  the  fossils  from  this  section  with  those  from  the 
zone  of  Ammonites  Jamesoni  at  Cheltenham  requires  the  Aston  beds 
to  be  referred  to  that  horizon. 

From  Table  I.  I  deduce  that  of  the  fifty  species  recorded  from 
the  zones  of  Ammonites  rarieostatus  and  A,  oxynotus,  chiefly  in  the 
neighbourhood  of  Chdtenham,  eight  pass  to  the  zone  of  A.  Jamesoni^ 
whilst  thirteen  occur  in  lower  horizons,  and  twenty-nine  are  peculiar 
to  these  horizons  in  England. 

Table  II.  records  one  hundred  and  fifteen  spedes  in  the  zone  of 
Ammonites  Jamesoni,  sixty  of  which  pass  to  higher  zones,  whilst 
deven  make  their  first  appearance  in  the  Lower  lias.  Of  the  spedes 
common  to  the  Lower  and  Middle  lias,  five  have  been  enumerated 
in  the  first  table,  so  that  there  are  fourteen  spedes  in  common  to 
the  two  formations. 

But  other  species  of  the  Lower  lias,  not  given  in  the  above  tables, 
reappear  in  higher  stages  of  the  Middle  lias.  Such  migrated  spedes 
♦  Deutach.  geoL  QeB.  voL  xr.  1863,  r^ ^^^T^ 
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I. — TaUe  showing  range  of  »pme$  of  the  zones  of  Ammonitoft 
ozjnotus  and  A.  rarioostatns. 


Lower 
bwJUor 
Lower 

LiM. 


Zone 

of  Am. 


Zona   IPaMing 
'of  Am.        to 
nirico*-' Middle 


AmmoniteB  armatus,  Awr 

bifer,  Quensi, 

Bohlayei,!/ Orb.  

densinoduB,  Quensi.  

Guibalianius  I/Orb 

lAeunatuii,  Buchnan    .... 

muiAeaB,I/Orb.    

liodviUmis,  Buckm 

-^— oi^rnotoB,  Qumtt. 

rariooetatus,  Ziet, 

aabpLuiioostetiu,  Oppel  . 

BeLemnitee  acutus,  MiUer 

exoftTatua,  PhiUipa 

elegana,  SUmpmm  

Nautilus  atriatus,  iSiow.  

Aoteonina Bewalqui,  Oppel,.,, 
Oerilhium  rariooatati,  Tate  .... 
Cfhenmitna  parra,  Wright  .... 
Pleuiotomaria  raricostati,  n.  sp. 

— -  aimiliii,  iSbio 

Teotaris  imbricata,  Sow.  

FataUa  Sabrins,  n.  s] 

Axx>mia  pellueida, 

Area  osjnoti,  Que 

ATicula  longiarea,  Brown 

Cardinia  (Listen,  var.)  hybrida,  Sow. 

Cypricardia  deoorata,  MuneC , 

GrTphflsa  oUiquata,  iStHo.  , 

Hippopodium  ponderosuin,  Sow , 

LeaaSomani,  Oppel 

Mjtilus  minimus,  Sow 

Ostraa  rarioostati,  Wright 

Peoten  ssqualis,  Quentt. 

Plicatula  Tentrioosa,  3f«fl^ 

Pleuromya  obloxi|[^  Wright , 

lingula  Dayidsoni,  Oppel 

metetisis,  Terquem , 

Bhynchonella  oxynoti,  Quentt 

ynriMiu,  Schloih 

Spiriferina  Walootti,  Sow. 

Waldbeimia  numismalis,  Schloth,    , . . 

Beremoea  striata,  fiatfM  

StomatopoTa  aatiqua,  Home , 

Aeroaaleiua  minuta,  Buckm 

Pentaorinus  soalaris,  Goidf. 

Serpola  subpentagona,  Tafe 

MontliTaltia  mammifoimis,  Dune,  . . , 

— —  muoroiiata,  Dune. 

radiata,  DiMtf .  

nigosa»  Dime.    


«! 


16 


»!(2) 


? 


«! 


« 
? 
? 

#(2) 


•(I) 


*(1) 
*(2) 

« 

«! 
? 

#*(2) 

*(2; 


*U2) 
? 


#!(1) 


« 

«1 
*(2) 

«! 
#!(1) 

«! 

? 

? 

«I 

«! 

?#(1) 

«! 


*(2) 
«! 


«! 
? 


*(1) 
«! 

«! 
«! 
«! 

*(1) 
#1(2) 

« 
« 
ft 
ft! 


18 


37 


ft! 


ft! 


ft! 
•  ! 


ft! 


!  Indicates  Uiat  the  author  lias  collected  or  examined  the  specicM  from  the 
jone.  (1)  On  the  authority  of  Dr.  Wright    (2)  0^  Dr.  Oppeb 
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n. — IkMe  showing  ra/nge  of  gpeeies  of  (^  zone  of  AmmomteB 

Jamesoni. 

*  Bugbrook,  Northampton.         t  Kmington  Gumey.        A.  Aston  V*gn*, 

C  Cheltenham.  D.  Donetshiro  (Lyme  Begis  &c). 

Y.  Yorkahire  (Eobin  Hood's  Bay). 


Looaity. 

Lower 

LlM. 

Am. 
Jama- 

to  higher 
sonea. 

C 

C 

A.D. 

D. 

CD. 

C 

CY. 

CD. 

CD. 

C 

D. 

D. 

Y. 

C 

CD. 

CD. 

C 

D. 

D. 

A.CD. 

A. 

Y.CD. 

D. 

D. 

D. 

C 

D. 

C 

C 

D. 

D. 

D. 

A.D. 

D. 

D. 

D. 

A.C 

C 

A.C 

C 

A.C 

A.C 

CD. 

A.  C 

A.C 

C 

C. 

0. 

CD. 

D. 

A.  C 

A.D. 

D. 

A. 

A.C 

0. 

A. 

Ammonites  armatus,  iSbtr 

ft 

gitized  by 

ft 
ft 
ft 
ft 
ft 

» 

ft 
ft 

ft 

ft 

fft 

ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
« 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 

Gpc 

ft 
ft 

ft 
ft 

ft 
ft 
ft 

ft 

ft 
ft 

ft 

ft 
ft 
ft 

ft 
ft 
ft 

* 

ft 
ft 
ft 
ft 

ft 

« 
ft 

* 

* 

fimbriatus,  /8iw 

Henleyi, /Sou; 

—  Jameaoni,  Soto 

— -  Loscombi,  Sow 

Maugenesti.jD'Or* 

notidianus,  I/Orb 

pettos,  Qm«m^ 

Taylori,  Sow 

Valdani,-Bow 

Belemnites  acuarius,  fitWo^A 

-^— breviformis,  Ztc^.  ..: 

charmouthensis,  Mcwer    

caloar,  PM/m>8  

clBYhtoB,  ScMoth 

elongatus,  Sow 

ivaxoeuB,  PhUUps    

longisaimug,  Miiler   

microstylis,  J^ilUpa 

mWeri,  PMUips 

nitiduB,  Pkillips 

obesulus,  Mayer    

oxyoonus,  Hehl 

paxiWoiua,  Schloth 

pomilis,  Jtfavf 

striolatuB,  PhiU^ 

iimbilicafcus    

Nautilus  inomatus,2/'OrA 

semistriatus,  2/ Orb 

Xiphoteuthis  elongata,  De  la  Beche 

Cerithium  camertonense,  ilfoore  

ibex,  n,  sp 

Slatteri,  n.  sp 

armatum,  Munst 

Chemnitzia BlainviUei,  ilftt««^. "... 

liassica,  Quenst, 

—  undulata,  Beriz, 

Exelissa  numismalis,  Tate !    "...! 

DentAUum  minimum,  Strickland 

Phasianel  a  paludinaria,  Munster 

Pleurotomaria  (Oyptaenia)  expansa,  Sow.   . . . 
Littorina  bionuita,  n.  sp 

Trochus  Thetis,  Jfttnjffer   

TectariaGaudryana  ?,2>'0rA 

imbricata, /&>«; . 

Tornatellina  capricorni,  n.  sp 

Turbo  admirandus,  n.  sp 

cry  >tasmoide8,  n.  sp 

cyclostomoides,  Koch  ^  Dk 
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toedttr. 


Lower 
liM. 

Am. 
Jamit- 

Piuuiing 
to  higher 

soni. 

■ones. 

* 

..< 

# 

... 

« 

... 

« 

... 

« 

» 

... 

» 

ft 

... 

* 

... 

* 

ft 

* 

« 

ft 

... 

» 

ft 

ft 

ft 

... 

» 

ft 

... 

ft 

ft 

... 

ft 

ft 

... 

ft 

... 

ft 

ft 

4 

ft 

ft 

ft 

... 

ft 

... 

ft 

... 

ft 

ft 

»? 

ft 
ft 
ft 

ft 
ft 
ft 

ft 

... 

ft 

» 

... 

ft 

ft 

ft 

ft 

... 

ft 

... 

ft 

ft 

... 

ft 

... 

ft 

ft 

ft 

ft 

... 

ft 

ft 

... 

* 

ft 

ft 

ft 

» 

ft 

# 

ft 

ft 

« 

ft 

ft 

... 

ft 

ft 

... 

ft 

ft 

... 

ft 

ft 

ft? 

ft 

ft 

ft 

... 

ft 

ft 

... 

ft 

ft 

... 

ft? 

ft 

ft 

ft 

ft 

* 

ft 

ft 

» 

ft 
ft 

ft 

qitiypH  h\/ 

(  -lOOO 

10 

116 

60 

V.  11 

V.114 

V.58 

D. 
D. 
A. 

A.C. 
•A. 
A.C. 
C. 
C. 
C. 
C. 
C. 
C. 
C. 
C. 
A. 

A.C. 
CD. 
C. 

A.C. 
A- 
C. 
A. 
A. 
C. 
A. 

A- CD. 
C. 
C. 
C. 

a    . 

c. 

1). 

Y. 

Y. 

C. 

A.C. 

A. 

t'. 

A. 

A.C. 

Y. 

C.  11  ? 

A.C. 

A. 

C. 

A.C. 

4c 

A. 
A.aD. 

c. 

+ 

Y. 

A.  CD. 

A. 

A.C 

A. 
C 


StmpalroluiS  WrightianUB,  n.  ftp 

belluluSi  n.sp 

-^ —  aratoB,  n.  sp i 

Anatina  nuniismalis,  n.  sp 

Area  Stricklandi,  Taie    

" numismalis,  n.  sp , 

Astarte  amalthei;  Quenstedi 

-^•P 

9P 

Aticula  novemoost®,  Broum 

sexcostata?,  Rim 

substriata,  M^nst. , 

Cardinia  crassissiilia,  8(m ; 

Cypricardia  cuoullata,  Goldf, 

Cucullffla  Muensteri,  Goldf,  

G^rvillia  laeris,  liuckman 

Isocardia  cingulata,  Goldf.    ; 

Inooeramusyeatrioosas^^Mir..... 

Bubetnatua,  Goldf. 

Lbda  acuminata,  Goldf 

ooinplanata,  Goldf 

Galatea,  l^Orb 

— —  subovalis,  MUfui ; 

Limea  acutioodta,  &o^.    :.... 

Lima  Echo,  i^Orft 

scabricula,  n.  sp 

Nucula  cordata,  Golaf  

ungulella,  n.  sp 

Opis  oarusensU,  IXOrb i.. 

Peoton  liasinus,  i^«^ 

aoutiradiatus,  Goldf. 

peraonatus,  AfwJW^ 

velatus,  Goldf   

Pholadomya  deoorata,  Uartmn 

Pinmh  folimn,  Young  4'  Bird 

Plicatula  alternans,  Deslong 

?BpinoRa,  Sow 

Venus?  Donibax,  Qucnst 

pumila?,  M\i7Vit 

Mytilus  scalprum,  Sow « 

numismalis,  Oppel     

Ostrea  cymbium,  Lamk .' 

— —  obhqua,  Sow 

Discina  Holdeni,  Tafe 

Rhynchonella  variabilis,  Schloih,  (vat*,  bidsns) 
furcillata 


rimosa 

Spiriferlna  verruccsa,  Buch 

Waldhoimia  Heyseana,  Dunk 

indentata,  5ott> 

— -  numiamalis,  Schloth 

BuboToides,  i?a//i 

WaterliQUsei,  Dav 

Pluitlaster  opbiuroidcs,  Wriaht 

Fentacrinus  basaltiformi^,  Miller, . 

Serpula  etalensis.  iV0^0     

pUotttilis,  G^A//.     

• subpentagona,  Ta^«  

—  tricristata,  Gold/use 
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include  Avicula  eygnipes^  Waldheimia  perfoTata^  Cidaris  Edwardan^ 
and  some  others ;  but  their  number  is  not  so  great  as  is  usually 
supposed.  The  tendency  among  paleontologists  to  name  every 
smooth  punctated  Lima,  Z.  punctcUa,  every  scalaiiform  striato-nodn- 
lose  Fleurotomaria,  P.  simiUs,  or  every  planulate  CrypUmua^  (7.  e«- 
pansa^  leaves  no  doubt  that  two  species  are  often  included  under  one 
denomination  and  that  the  numbers  in  common  between  the  Lower 
and  Middle  lias  are  doubtless  fewer  than  is  generally  stated.  I  find, 
in  the  majority  of  cases,  that  the  species  dted  from  the  Lower  and 
Middle  Lias  belong  to  sectional  groups,  the  species  composing  which 
have  a  general  resemblance  one  to  the  other,  and  the  differential 
characters  cannot  always  be  recognized  at  a  glance.  Of  the  many 
examples  of  the  genus  Oryptcerua  from  the  Lower  Lias  that  I  have 
examined,  not  one  is  referable  to  C,  expama^  which  is  quoted  firom 
that  formation.  It  is  possible  that  some  species  of  the  zone  of  A. 
rarieostatus  may  have  been  mingled  with  those  of  the  overlying 
stratum  during  the  period  of  its  deposition ;  the  similarity  of  the 
included  matrices  prevents  a  determination  of  the  source  of  such 
presumed  derivative  fossils. 

It  may  reasonably  be  urged  that  as  the  faunula  of  the  zone  of 
Ammonites  Jamesoni  forms  an  integral  part  of  the  fauna  of  the 
Middle  Lias,  and  that  as  the  species  belonging  to  the  zones  of  Jan^ 
monites  rarieostatus  and  A,  oxynotus  present  nearly  as  great  affinity 
to  those  constituting  the  fauna  of  the  Middle  Lias  as  they  do  to 
those  of  the  Lower  Idas,  the  line  of  demarcation  between  the  Middle 
and  Lower  lias  should  be  drawn  between  the  zones  of  Ammonites 
obtusus  and  A.  oxynotus.  This  arrangement  would  give  a  total  of 
one  hundred  and  sixty-four  species  for  the  united  zone,  seventy- 
eight  peculiar,  fourteen  from  lower  horizons,  and  sixty  passing  to 
higher  beds  of  the  Middle  lias.  But  many  of  the  species  which,  in 
the  Gloucestershire  area,  are  restricted  to  the  zones  of  Ammfmita 
oxynotus  and  A.  rarieostatus,  are  elsewhere  associated  with  indubit- 
able Lower  liassic  species  in  strata  which,  though  superior  to  the 
'*  Bucklandi'heda,'*  do  not  admit  of  a  division  into  zones  of  life ;  and 
it  is  not  certain  whether  these  strata,  which  may  be  designated  as  the 
Belemnite  beds  of  the  Lower  lias  (or  the  zone  of  Bdemnites  acwhis)^ 
represent  the  whole  of  the  beds  superior  to  the  zone  of  A,  Budc- 
landi,  or  whether  only  a  portion  of  the  upper  series  is  present 
Beds  of  this  character  occur  in  Shropshire,  near  Bath,  at  BalUntoj, 
Co.  Antrim,  in  the  east  of  France,  &c. 

It  is  not  my  present  intention  to  discuss  the  palseontological 
affinities  of  the  whole  Lower  Lias  and  Middle  lias,  which  I  reserve 
till  such  time  as  the  claims  of  the  so-called  recurrent  species  have 
been  fully  investigated ;  but  so  isx  as  the  distribution  of  species  in 
the  uppermost  beds  of  the  Lower  lias,  and  in  the  lowest  horizon  of 
the  Middle  lias  is  concerned,  there  appears  to  be  a  palseontologioal 
unconformity  between  the  Lower  and  Middle  lias  ^^  herein  de&ied. 
If  this  be  true,  then  the  lithological  conditions  will  justify  me  in 
suggesting  a  break  in  the  stratigraphical  succession.  It  is  a  received 
axiom  that  a  change  in  lithological  conditions  is  accompanied  by 
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«  dumge  in  the  life  aspects.  And  though  this  may  be  attributable 
io  eertain  physical  changes,  it  does  not  necessarily  imply  the  advent 
of  a  new  period,  the  change  of  deposit  and  life  representing  often 
different  regions  of  depth ;  instances  of  such  mutability  are  not 
wanting  in  ti^e  lias.  But  in  the  case  of  the  upper  part  of  the  Lower 
lias  the  conditions  of  depth  and  of  deposit  are  repeated  in  the 
lower  part  of  the  Middle  lias,  accompanieid  by  a  total  change  in  the 
fauna,  and  not  a  recurrence,  as  we  should  expect  if  there  had  been 
an  uninterrupted  continuance  of  the  conditions  by  which  these  days 
had  been  accumulated. 

A  second  phenomenon  that  gives  support  to  the  views  expressed 
above,  is  that  of  the  numerical  decrease  of  specific  forms  as  we  pass 
up  through  the  several  stages  of  the  Lower  Lias,  the  maximum  of 
decadence  being  attained  in  the  zones  of  AmmoniUa  oayjwtus  and 
A»  fxirko8taiu8i  whilst  from  the  zone  of  AmmanUes  Jamewni  the 
species  increase  in  number. 

A  third  phenomenon,  but  of  minor  importance,  is  that  of  the  in- 
troduction of  new;  genera  on  passing  the  upper  limit  of  the  Lower 
lias.  I  would  cite  XtphoteiUhis,  Exdma^  Eotdla^  Opis,  laocardiOf 
Qresslya^  Megerlea,Waldheimia  (with  a  few  exceptions),  TerebratuUnaf 
Aorauray  Urasterj  Tropidaster,  Luidiay  Plumastery  and  Astropectm. 
The  absence  of  corals  is  also  to  be.  noted. 

In  conclusion,  the  fact  of  the  similarity  in  the  lithological  features 
of  the  zones  of  Ammonites  raricostatus  and  Am.  Jamesoni,  with  a  very 
laige  percentage  of  distinct  species,  and  the  fact  that  the  former 
horizon  contains  a  fauna  representing  a  marked  decadence  of  Lower- 
Liassic  species,  and  the  latter  zone  a  feiuna  consisting,  in  the  greater 
part,  of  Middle-Liassic  species,  determine  the  attaclunent  of  &e  one 
to  the  Lower  lias,  and  of  the  otiier  to  the  Middle  Lias ;  and  show  that 
the  line  of  demarcation  is  not  arbitrary,  but  is  in  accordance  with 
a  greater  or  less  unconformity  of  specific  forms,  perhaps  sufficiently 
great  to  warrant  us  in  assuming  a  palseontological  and  stratigra- 
phical  unconformity  between  the  two  formations  to  which  each  zone 
respectively  belongs. 

Fart  II. — DsBCRimoNs  of  New  Spscebs. 

A. — From  the  upper  part  of  (he  Lower  Lias, 

PuuBOioxABU  BABioosiAii,  nov.  spec.    (PL  XXYI.  figs.  0  &  9a,) 

Shellturbinated,broader  than  high;  whorls  subquadrate,  with  small 
nodnlations  upon  their  angles,  crossed  by  four  longitudinal  slender 
raised  lines;  upper  surfuce  of  penultimate  whorl  with  about  six 
encircling  equidistant  raised  threads,  decussated  by  closely  set  and 
anteriorly  curved  striae ;  the  fissural  band  on  the  upper  third  of  the 
lower  part  of  the  penultimate  whorl,  above  which  there  is  one  en- 
eiroling  threacl  and  below  four  larger  and  several  smaller  and  inter- 
mediate longitudinal  threads,  the  whole  crossed  by  curved  lines  of 
growth ;  base  slightly  convex,  subimperforate. 

DimansioTis.  Height  2  inches ;  breadth  2*25  inches ;  height  of  last 
whorl  0*9  inch. 
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The  Bpecieft  has  some  general  leBemblanee  to  P.  findUSf  Sow.,  but 
differs  in  the  relatiye  dimensions^  the  podtioo  of  the  bfmd^  and  in 
the  details  of  its  ornamoitation. 

Locality,  Zone  of  AmnumiUB  rarica$UjUuBf  Bredon.  (ColL  QeoL 
fioo*  9>.  unicum,) 

Dbntaliuic  likatuluu^  nov.  spec.    (PI.  XXVI.  fig.  1.) 

Shell  small,  moderately  thick,  obtusely  triangular,  slightly  carred, 
.ornamented  with  numerous  closely  set,  regular,  slightly  oblique,  and 
acute  oostae. 

Dimmncn*  Length  0*5  inch. 

Z>.  atujfulaiwinf  Buckman,  from  the  zones  of  Ammonites  margarUaius 
and  A,  ibtx,  resembles  D.  linuUulum  in  its  ornamentation  ;  but  the 
shell  is  quadrangular  in  form,  and  between  three  and  four  times  the 
lengtibi  of  the  present  species.  D.  deooraUim^  Miinster,  from  tho 
6t.-Ca88ian  beds  is  similarly  ornamented,  but  tho  figure  is  quin* 
quangular. 

Locality,  Zone  of  Bel^mnites  acuiust  Gloverly,  Salop  {8ir  R, 
jm^txhUon).    {Sp,  uni€um;  ColL  Geol.  Soc.) 

Ifkt^LLk  BlBBIKA,  nov.  sp. 

The  Key.  P.  B.  Brodie  has  submitted  to  my  inspection  the  cast  of 
a  large  limpet,  obtained  by  him  in  tho  superior  clays  of  the  Lower 
Lias  in  the  vale  of  Gloucestershire.  Imperfect  a^  the  materials  at 
my  command  aroj  yet  they  iudicate  the  occurrence  of  a  hitherto  un- 
described  species  of  Patella  in  the  Lower  Lias. 

Shell  very  large,  turbinate,  conical;  sides  subconvex;  apex 
obtusoi  central ;  base  entire,  elliptical. 

Dimensions,  Height  1*12  inch ;  diameters  of  tho  base  2  and  2*5 
inches, 

CHfeMKITZIA  orassicostA,  uov.  spcc.     (PL  XXVI.  fig.  6.) 

Shell  turretod,  elongated ;  whorls  convex,  about  ten ;  suture  deeply 
channelled;  a  slight  keel  winds  round  the  lower  half  of  each  whorl; 
surface  of  last  whorl  ornamented  by  strong  curved  round  ribs,  about 
fifty  in  number,  crossed  by  a  few  depressed  longitudinal  threads, 
which  are  more  prominent  on  the  base  of  the  shell. 

Dimension.  Total  length  0*45  inch. 

Locality >,  Zone  of  Belemnites  acwtws,  Gloverly,  Salop  (Sir  B,  Nur- 
chison),     (Coll.  Geol.  Soc.) 

SfiBPTTLA  StTfiPEKTAOONA,  Tate. 

Serpula  pentagona,  Terquem  and  Piette,  Lower  Lias,  £ast  of 
France,  p.  118, 1 14.  f.  13  &  14, 1865  (non  Goldfuss,  1837). 

To  avoid  the  dual  employment  of  the  specific  name  pmUagona^  I 
.liere  propose  that  the  species  described  by  Terquem  and  Piette 
should  be  termed  S,  suhpentagona.  The  two  species  are  very 
different :  in  S.  pentagona  the  median  carina  is  bounded  on  each  side 
by  an  elevated  costa;  in  S,  suhpentagona  the  shell  is  regtQarly 
pentagonal. 
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It  ocean  in  the  zones  of  Ann.  mrieoftohi^,  Cheltenham;  Am, 
Jametomj  Aston  {SlatUr) ;  and  Am^  margaritatuBy  Dumbleton ! ; 
.and  on  the  Continent  it  is  quoted  &om  the  tone  of  Am,  BuekUxndif 
Eleigneux. 

B. — Ihm  the  hwer  zones  of  the  Middle  Lias, 
TuEBo  iDMiBAirDiys,  nov.  sp.    (PI.  XXVI.  fig.  10.) 

Shell  small,  helicifonn,  a  little  broader  than  high ;  spire  short, 
with  an  obtuse  apex  composed  of  four  inflated  whorls,  the  superior 
'of  which  are  angulated  and  ornamented  above  by  curved  plications, ' 
which  extend  a  little  over  the  keel,  and  are  crossed  by  longitudinal 
costellse,  the  remaining  portion  caiicellated  and  nodulose ;  the  last 
whorl  slightly  inflated  and  subangular ;  base  radiately  costulate ; 
peristome  entire^  thickened,  and  channelled  anteriorly;  aperture 
'circular ;  umbilicus  of  moderate  size  and  round. 

Dimensums,  Length  0*23  inch ;  diameter  0*22  inch ;  height  of  Icust 
whorl  0*17  inch. 

Localities,  Zone  oi  Ammonites  Jamesoni :  Cheltenham  (TcOe,  Buck* 
wmn) ;  Aston  Magna  {Slatter) ;  ?  Campden  (Brodie), 

TaocHrs  Thbtia,  Miinstet,  Goldfuss,  1. 179.  f.  10*.    (PI,  XXVl. 
fig.  4.) 

.     Tufho  heUeiformis,  Quenstedt,  Jura,  t.  19.  i  25*. 

Shell  small,  conical,  spire  elevated ;  apex  acute,  composed  of  4-6 
flat  whorls,  separated  by  a  channelled  suture;  last  whorl  biangulated ; 
upper  surface  ornamented  with  about  twenty-four  thick  nearly 
isbaight  cosisB,  which  terminate  in  a  subspinous  tubercle  on  the 
elevated  upper  carina.  In  some  examples  the  transverse  ribs  are 
terminatea  superiorly  and  inferiorly  by  tubercles.  From  the  tuber- 
culated  rim  of  the  upper  keel  proceed  fine  closely  set  curved  strisB, 
which  are  continued  on  to  the  base  of  the  shell.  Base  nearly  flat, 
with  four  concentric  ribs ;  columella  oblique,  with  a  callous  expan- 
.sion  over  the  umbilical  fissure ;  aperture  oblique. 

Dimensions,  Length  and  breadUi  0*20  inch. 

Affiniiy,  T,  Thetis  is  closely  related  by  its  ornamentation  and 
figure  to  f,  Doris,  Miihster,  Goldfuss,  1. 179.  f.  9,  from  the  lias 
of  Piretzfeld,  placed  by  D'Orbigny  in  the  (Toarcien,  but  cited  by 
Dumortier  front  the  sone  of  Ammonites  angulatus  in  the  South  ai 
France ;  it  differs  from  that  species  in  its  biangulated  last  whorl 
and  in  having  two  rows  of  tubercles  and  not  three ;  other  minute 
differences  are  observable. 

Dietiihution,  Zone  of  Ammonites  Jamesoni:  Cheltenham  (TatSf 
Budcman);  Aston  Magna  {Blatter),  Zone  of  Am,  margdritatus, 
^ee}nnger  (Quenstedt) ;  Amberg  {Ooldfuss);  St.  Bonnet^  Bhone 
.(Dumortier). 

ExKLissA.  NuuisHALis,  l^atc,  Aunals  and  Mag.  Nat.  Hist.  t)ec.  1869. 
(PL  XXVI.  fig.  6.) 

♦  Figoree  represent  casts  only.  .       - 
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StEAVABOLVS  WBieHTIAKITSy  llOY.  8p«      (PL  XXYL  %.  23b) 

Shell  Bmall,  discoidal,  plano-coneaye  above,  deeply  bat  narrowly 
umbilicated  below ;  whorla  five,  regularly  rotmded,  slightly  emfara- 
cingy  amooth. 

The  apeciea  is  related  to  S,  minuhUt  Schublery  from  the  **  xone  of 
AmmowUes  o/pdUnvs,*^  but  differs  in  its  fewer  and  embracing  whorli^ 
giving  it  a  more  compact  fonn,  and  in  the  absence  of  a  keeL 

JHfMMwns.  Diameter  0*15  inch ;  height  0*1  inch. 

Dedicated  to  my  friend  Dr.  T.  Wright,  £rom  whom  I  received  the 
species,  having  been  obtained  by  Mr.  Brady  in  the  residuum  of 
washings  for  Foraminif era. 

The  species  associated  with  S,  Wriffhtianm  are  J3,  hdltdusj  nov« 
sp. ;  S.  anUuB,  nov.  sp.;  Littarina  hiomata,  nov.  sp. ;  PeeUn 
aaUiradiattu ;  DerUalium  minimum,  Strickland;  Leda  OalaUa^ 
D'Orb;  WcUdheimia  nvmismalis}  a  few  Ammonites  (A.  Losoomhi^ 
juv.»  &c.),  &c. 

LoeaUty^  Near  Lyme  Begis  (zone  of  Am.  Jamesom). 

Stbapabolvs  bbllulub,  nov.  sp.    (PI.  XXVL  fig.  22.) 

Shell  small,  discoidal,  plano-concave  above,  deeply  but  narrowly 
umbilicated  below ;  whorls  five,  regularly  rounded  slightly  embra- 
cing, marked  by  numerous  longitudinal  costuLe  and  crossed  by  fiunt 
strongly  arched  lines  of  growth. 

Of  about  the  sam^  size  as  S*  WrightianuSf  but  the  last  whorl  is 
proportionally  higher. 

Stbapabolus  ASiLTus,  uov.  sp.    (PL  XXYI.  fig.  21.) 

Shell  small,  discoidal,  plano-concave  above,  deeply  but  narrowly 
umbilicated  below;  whorls  five,  regularly  rounded,  slightly  embra- 
cing, ornamented  with  numerous  &ick  flezuous  ribs,  attenuated  at 
the  suture  and  on  the  margin  of  the  umbilicus. 

But  for  the  asymmetricfd  form,  the  shell  of  this  spedes  might  be 
nustaken  for  that  of  some  varieties  of  Ammonites  Jameaoni,  notably 
A.  polymorpkas  inUrruptus,  Quenstedt. 

Though  the  above  species  of  J3traparolus  are  closely  allied  by  their 
external  figures,  yet  the  numerous  specimens  I  have  examined 
exhibit  no  gradation  in  their  ornamentation  from  one  species  to 
the  other,  and  consequently  they  should  rank  as  distinct  spedes. 

LmoBiVA  BioBiTATA,  UOV.  sp.    (PL  XXYL  fig.  17.) 

Shell  ovate,  imperforate;  spire  elongated,  acuminate ;  whorls  eighty 
ffubinflated ;  anterior  whorls  with  two  strong  acute  encircling  ribs, 
last  three  whorls  ornamented  with  about  eight  deourrent  thick 
eostae ;  aperture  subovate,  entire ;  columella  straight,  slightly  effuse 
at  the  base ;  base  subglobose,  smooth. 

JHrnensians.  Length  0*22  inch ;  diameter  of  last  whorl  0*08  inch. 
Locality,  With  Straparolus  Wriffhtianus  &c.  near  Lyme  B^gis, 
zone  of  Ammonites  Jamesoni  (very  common)^ 

Turbo  OBTPr^sNioiDEs,  nov.  sp. 
SheU  turbinated,  depressed,  much  broader  than  high;  spire  acute  ; 
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whork  flve,  oonyez,  flattened  above ;  the  sQtnre  is  ohannelled  with 
an  abnipt  margin  aronnd  the  npper  whorls,  and  linear  around  the 
lower  ones ;  siurfaee  ornamented  with  nnmerous  incised  longitadinal 
lines  and  closely  set  striffi  of  growth,  visible  by  the  aid  of  a  lens ; 
base  flat;  nmbilicus  moderately  wide,  exposing  all  the  inner  whorls. 

The  shell  of  this  species  has  great  resemblance  to  that  of  Ortfpt- 
ama  Tidkimfarmisy  Deslong.,  bnt  it  has  more  whorls  in  proportion 
to  its  size,  and  the  outer  margin  of  the  last  whorl  is  regularly 
rounded  and  not  subcarinated.  The  absence  of  a  fissural  band, 
however,  removes  it  from  that  species.  From  Txvrho  MarcoManus, 
Dumortier,  it  differs  in  its  much  more  depressed  spire,  and  by  its 
ornamentation. 

Locality.  *'  Zone  of  Ammoniies  Jamesoni^^'  Leckhampton  Bead, 
Cheltenhain. 

CEBiTHnnc  iBSx,  nov.  sp.     (Fl.  XXYI.  fig.  8.) 

Shell  turreted ;  whorls  ten  in  a  length  of  ^  inch,  smooth  or 
slightly  wrinkled  transversely,  angulated  and  imbricating;  upper 
suture  bordered  by  a  thick  rounded  encircling  rib. 

Dvmensums.    Length  0*6  inch ;  breadth  of  last  whorl  0*2  inch. 

C,  ihex  has  the  general  outline  of  a  Twrritella ;  but  the  aperture 
of  a  specimen  in  Dr.  Holl's  collection  justifies  the  generic  position  I 
have  assigned  to^the  species.  It  is  most  nearly  related  to  0*  aidas, 
lyOrbigny,  Prodr.  i.  p.  215,  which  is  described  in  the  following 
terms : — '*  lisse  avec  une  l^ere  saillie,  dans  le  sens  de  I'enroulement, 
an  tiers  sup^rieur  de  chaque  tour.  Sinemurien,  Augy-sur-Aubois 
(Cher)."  An  examination  of  the  type  specimen  of  C,  ndcB  enables 
me  to  add  a  character  omitted  by  tlie  describer,  and  which  dis- 
tinguishes it  from  G,  ihex,  that  is,  an  encircling  rib  hdow  the  carina^ 
whereas  in  (7.  ibea;  the  encircling  rib  is  above  the  carina  and  bounds 
the  upper  suture. 

Locality,  Zone  of  Ammonites  Jamesoni,  Cheltenham  {B,  T.), 
I  have  examined  specimens  collected  near  Cheltenham  by  Dr.  Holl, 
and  near  Gloucester  by  Mr.  J.  Jones  (coll.  Gloucester  Mus.), 

ToBWAiSLLA  CAPBicoBia,  uov.  sp.    (PI.  XXVI.  fig.  18). 

Shell  eUiptical,  spire  elongated,  apex  mamiUated;  whorls  five, 
sealariform;  shoulder  of  whorl  forming  a  right  angle,  obtusely 
rimmed ;  last  whorl  slightly  impressed  below  the  upper  angle,  longi- 
tudinally striated,  and  marked  with  fine  curved  lines  of  growth ; 
aperture  oval,  very  acute  behind  and  subangular  in  front ;  outer  lip 
thin ;  columella  with  a  longitudinal  fold. 

L^gth  0*55  inch ;  last  whorl  about  ^  the  length  of  the  shell. 

Locality.  Zone  of  Ammjonites  Jamesoni,  Aston  Magna  (T,  Blatter). 
Zone  of  Am.  capricamus,  Mickleton  Tunnel  (0.  E.  Oavey). 

7.  AeLfiOKIKA  CAKABIEKSIS,  UOV.  Sp. 

Shell  elliptical,  spire  elongated ;  whorls  four,  sealariform ;  angle 
of  ..sutnre  obtuse,  margined ;  surface  of  shell  shining,  marked  by 
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Up  thin ;  oolumella  without  a  fold. 
Length  0*27  inch ;  last  whorl  about  ^  the  length  of  the  ahelL 
LocaUiy.  Yellow  liaa  (zone  of  Am.  these)  HewTett9»  GbeltenhiHnt 

Gerithiijk  Slatteri,  nov.  sp.    (PL  XXVI.  flg.  7.) 

Shell  elongated,  turreted,  acute;  whorla  ten,  QubquadrotOi  separateA 
by  a  broad  and  deep  suture ;  ornamented  by  about  twenty-five 
obliquely  transTerse  ribs,  which,  where  crosaed  by  the  four  equidistant 
longitu^nal  costaB,  are  raised  into  large  closely  set  nodolations ; 
aperture  orbicular;  columella  straight,  outer  lip  slightly  effqsOi 

The  longitudinal  ribs  are  sometimes  three  in  number,  and  not 
unfrequently  with  a  smaller  intermediate  rib. 
■   Length  0-25  inch. 

Locality,  ZoneoiAm.Jamesoni:  Aston  (T.iS.),  Cheltenham  (if.  7.). 

The  species  is  dedicated  to  T,  Slatter,  Esq.,  whose  ooUe^tioQ  of 
fossils  from  Aston  Hagna  has  materially  increased  the  value  of  the 
present  communication. 

Lima  scabricula,  nov.  sp.    (PL  XXVI.  fig.  16.) 

Shell  convex,  oblong-ovate,  ornamented  with  about  twelve  lai^ 
acute  GOstoB,  which  are  finely  and  closely  transversely  striated,  and 
towards  the  front  cariy  nodes;  the  sulci  are  occupied  by  three 
slender  oostellfiB,  the  outer  ones  of  which  are  crenately  dentate  i  the 
median  oostella  is  lamelliform;  hinge-line  straight,  beaks  acute 
and  distant ;  hinge-area  narrow,  elongated ;  ligamental  pit  dronkr, 
external ;  ears  short  with  radiating  nodulose  ribs. 

Dimensiont*  Length  0*515  inch ;  breadth  0-4  inch ;  thickneBa 
0*85  inch ;  length  of  hinge-line  0*22  inch. 

Affinities,  L,  seabricula  has  much  the  figure  of  some  varieties  of 
'  lAmea  aeutieosia,  Lima  hettangensis,  L.  jpecHnoideSy  &o.,  but  difiers 
from  aU  in  combining  the  characteristic  ornamentation  of  several  of 
the  duplicate  Limas,  none  of  which,  however,  present  ^e  interme- 
diate ribs  as  in  this  species. 

LocdUiy.  Zone  of  Ammotdtes  Jamesoni :  Aaton  Magna  {SlaUer) ; 
Middle  lias  (Am.  margaritatus)^  Fontaine-^toupe-four,  Caen  (2Vt- 
souy  Coll.  Brit.  Mus.) 

Arca  inrMisMALis,  nov.  sp.    (PL  XXVI.  fig,  3.) 

Shell  small,  oblong,  inflated,  inequilateral ;  anterior  side  ahort, 
subtruncate,  posterior  obliquely  truncate;  umbones  large,  sub- 
approximate,  incurved  and  directed  forwards,  medially  impressed ; 
surface  with  undulate  concentric  ribs,  which  are  subacute  and 
minutely  granulated ;  apical  portion  of  left  valve  with  radiating 
costtillie,  of  the  right  with  fine  striations. 

Dimensions.  Length  0-315  inch ;  height  0*25  inch;  diameter  0-2 
inch  ;  length  of  anterior  side  0*13  in. 

Locality.  Zone  of  Ammonites  Jamesoni,  Aston  Magna  (Slatiery  • 

AVATIKA  HTTUISKALIS,  nov.  sp.-    (PL  XXVI.  fig.  13.) 

Shell  small,  elliptic-elongate,  subequilateifd,  and  somewhat  ( 
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B9«88edr  anterior  ride  roimded,  poBterior  but  little  attei^a^ted ;  or- 
Demented  by  concentric  acute  folds  and  Btri®. 

Dimenmns^  Length  0*4  inch;  height  0'12  inch;  diameter  0*1 
inch ;  length  of  anterior  side  0*22  inch. 

This  speciee  belongs  tp  the  gronp  Cercomyat  Agvssb,  but  diffiara 
from  the  two  other  llassio  species  (A,  prascunor,  Quenstedt,  and  A. 
DdiOy  lyOrb,  or  -4.  tinemuriensist  Martin)  by  its  form  and  plications* 

Loeality.  Anrnan^iUB-Jameso^  »one,  Aston  Magna  (Blatter). 

lirocBBAiius  nrcTJBVATTTS,  iiov,  sp.    (PI.  XXVI.  flgs,  2  &  2a.) 

Shell  subrhomboidal ;  hinge-line  nearly  straights  umbon^  si|b* 
marginal,  inflated  and  incurved ;  outer  surAice  marked  with  con* 
eantrio  folds. 

The  figure  of  the  fossil  is  not  perfect,  but  the  distinctive  charap* 
ters  are  the  gibbosity  of  the  umbonal  r^on  and  tho  strongly 
incurved  beaks. 

Length  of  longitudinal  axis  2^  inches. 

Locality.  Zone  of  Ammonites  capricomus^  Cheltenham  (R.  F.), 

Abca  STKiCKLA2n>i,  Tate. 

Area  truneata,  Buckman,  Geol.  Caioltenham,  t.  6.  f.  6,  p.  26  (1845), 
non  Area  truneata,  G.  B.  Sowerby  (1833),  non  Area  iruneata, 
Eeu8s(1843). 

Specific  name  to  commemorate  the  pakdontologioal  labours  of 
Mr.  Hugh  Strickland  in  the  Lias  of  Oloucestershirc. 

Digtrihution.  Zone  of  Ammoniiei  Jame9oni,  Cheltenham  t  J^ston 
Magna  (Slatter).    Yellow  lias,  Cheltenham  (Budcmm). 

Leba  obaphica,  nov.  sp.    (PL  XXYI.  fig.  12.) 

Shell  elliptical,  rounded  and  inflated  in  front,  posteriorly  rostrated, 
ornamented  with  fine  and  closely  set  concentno  stria),  which  form 
chevrons  on  the  postmedial  line. 

Dimensions.  Breadth  1  inch ;  length  of  anterior  side  0*35  inch : 
height  0*35  inch  ;  diameter  0*3  inch. 

This  species  has  the  general  form  of  Z.  rosiralisj  Lamk.,  and  a  fo^ 
ether  Liassic  species,  but  is  distinguished  from  all,  especially  by  ita 
chevron-like  ornamentation. 

LocdHty,  Zone  of  Ammoniies  capncomus,  Mickleton  Tunnel 
(Gavey).    (Coll.  Geol.  Soc.  and  Geol.  Surv.  Mus.) 

NvcuLA  uyQiTL£L{.A,  uov.  sp.    (PI.  XXYI,  fig.  11.) 

Nucuh  variahilis,  Quenstedt,  Der  Jura,  t.  xxjii.  f.  28,  p.  188 
(1858),  non  Sow. ;  id.  Dumortier,  Di^pots  Jurassiques,  iii. 
p.  121, 1869. 

Shell  ovate,  subtrigonal ;  umbones  inflated,  depressed,  recurved, 
Bubmaigiual  \  a  keel  proceeds  from  the  umbo  to  the  antcro- ventral 
uiargin,  enclosing  a  subconcave  area;  anterior  margin  truncated, 
posterior  elongated  aud  slightly  compressed ;  ventral  margin  pi^rved; 
IxaxvUo  deeply  impr^s^ ;  surface  covered  by  distant  strong  lines  of 
growtihi ;  hinge-lino  with  ten  serial  anterior  teeth  and  fifteen  possteriot. 
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DimeMums.  Length  O-dS  inch;  breadth  0*25  inch;  tfaickneBB 
'0«25  inch. 

Oeologtcal  jpoddon.  Zone  of  Ammonites  Jami»mi\  Cheltenham 
{B,,  r.) ;  zone  of  Am,  maryaritcUus^  Hinterweiler,  Bwabia  {Qum^ 
ftedt) ;  zone  of  Am,  Davm,  Bassin  du  Eh6ne  (DumorHer). 

Observations.  Quenstedt  has  confonnded  two  apparency  dbtinct 
species  with .  N.  variabilis,  Sow., — ^the  one  nnder  review,  which  is 
^tfily  differentiated  by  its  inflated  form,  narrow  and  flattish  anterior 
area,  and  its  deep  Innule,  and  a  second  (tab.  xiii.  f  .  43),  which  I  refer 
with  some  doubt  to  N,  navis^  Piette.  The  If.  variabilis,  Phillips,  is 
referable  to  N.  Hammeri,  Goldf.  The  three  species  that  have  thus 
been  confonnded  with  N.  variabilis  agree  in  their  general  configara- 
tion,  but  are  readily  to  be  distingoished  from  one  another  and  from 
N.  variabilis. 

EXPLANATION  OP  PLATE  XXVT, 
Fig.  1.  Dentalium  Umaiulum,  n.  sp.,  enkrged. 
2.  Inoceramut  inourvaiua,  n.  sp.,  nat  sixe. 
3.'  Area  numiamalu^  n.  Bp.,  enlarged. 

4.  TVocAttf  T%e(ig,  Wmet. 

5.  Exdiua  numismaliat  Tate,  enlarged. 

6.  Ckemnitria  croMticosta,  n.  sp.,  enlarged. 

7.  Cmtkium  SUxUeri^  n.  sp.,  enlarged. 

8.  t6er,  n.  sp.,  enlarged. 

9.  PlewrUomaria  rarioostati,  n.  sp.,  nat.  siso ;  and  portion  of  test,  enlarged. 

10.  Turbo  adnUrandua,  n.  sp.,  enlarged. 

11.  Nueuia  unatUeUaf  n.  sp.,  enlarged. 

12.  Leda  araphica,  n.  sp.,  nat  size. 

13.  Jnabna  numismaUs,  n.  sp.,  enlarged. 
15.  Lima  aoabrimda,  n.  sp.,  enlarged. 

17.  Littcrina  Uomata^  n.  sp.,  enlarged. 

18.  ThmaieUa  capricomi,  n.sp.,  emarged. 
21.  Straparolus  aratus,  n.  sp.,  enlarged. 
22. bdhdus^  n.  sp.,  enlarged. 

23.  — —  WrighHanuSt  n.  sp.,  enlarged. 

Discussion. 

If r.  BoTD  Daweiks  had  attempted  to  test  these  Liassic  zones  as 
a  means  of  classification  of  the  rocks  in  Somersetshire,  and  the  reenlt 
had  been  that  ho  had  been  unable  to  accept  them  as  fixing  hard  aud 
&st  lines  of  demarcation ;  for  he  had  found  three  of  the  distinctiYe 
Ammonites  together  in  one  bed.  On  our  present  shores  the  change  of 
one  form  of  molluscan  life  for  another  seemed  to  take  place  in  Uimted 
areas,  and  to  be  dependent  on  some  slight  yariation  of  physical  con- 
ditions rather  than  on  any  widely  extended  change.  There  was  no 
stratigraphical  unconformity  between  the  Middle  and  Lower  Lias  in 
many  parts  of  England,  whatever  might  be  the  case  in  Gloucestershire. 

Mr.  Tate,  in  reply,  gave  an  account  of  the  manner  in  which  he 
had  arrived  at  his  conclusions,  and  expressed  his  assent  to  the  view 
that  Ammonite- zones  were  only  of  value  over  limited  areas,  but  con- 
sidered that  a  triple  division  in  the  Lower  and  a'  dual  division  in 
the  Middle  Lias  were  well  established  on  palseontological  and  litho- 
logical  features.  The  break  which  he  had  pointed  out  was  palaeon- 
tological  rather  than  stratigraphical,  though  the  one  nug^t  be 
inferred  from  the  other.  r^  r^r^^\r> 
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3.  Qbologioal  OBSBBTAnon  on  the  Waifaba  Bivbb,  Kbw  Zbalaitd. 

By  T.  H.  CooKBiTBjr  Hood,  Esq.,  F.G.S. 
Iir  1859,  vhibt  traveUiog  in  the  Provinoe  of  Canterbury,  I  dis- 
covered  certain  beds  underlying  the  Waipara  tertiaries,  which  I 
referred  at  the  time  to  the  Liassic  series,  and  obtained  from  the  bed 
of  the  River  Waipara  bones  of  an  Enaliosaurian,  which  were  placed  in 
the  British  Museum,  and  which  were  recognized  by  Professor  Owen  as 
belonging  to  a  new  species  of  Plesiosaur,  named  by  him  P.  australis* 

Returning  to  the  colony  after  ten  years'  absence,  I  found  that 
a  survey  of  that  province  had  been  completed  by  the  Government 
Geologist,  Dr.  Haast,  whilst  the  northern  and  southern  portions  of 
the  Middle  Island  had  been  explored  by  that  accurate  and  painstaking 
observer  Dr.  Hector.  The  Canterbury  and  Wellington  museums 
afford  interesting  evidence  of  their  careful  labours :  in  the  latter  a 
collection  of  fossils  from  Triassic  deposits  of  the  Nelson  Province  is 
placed ;  and  an  excellent  one  adorns  the  former,  from  the  Tertiary 
beds  of  the  Waipara  and  other  adjacent  districts,  which  crop  out 
here  and  there  from  beneath  the  vast  accumulations  of  Postpliocene 
gravels. 

With  the  exception  of  some  small  fragments  of  bones  (ribs  chiefly) 
of  Reptilian  origin,  nothing  appeared  to  have  been  found  to  assist  in 
determining  the  species  of  the  antipodean  monsters.  I  determined 
therefore  to  make  as  thorough  an  exploration  of  the  wild  ravines  of 
the  Waipara  as  possible,  with  the  assistance  of  my  friend  Mr.  Innes, 
who  is  the  proprietor  of  the  Mount-Brown  estate,  under  the  base  of 
which  the  river  here  runs,  and  who  had  taken  much  interest  in  col- 
lecting specimens. 

A  portion  of  this  singularly  broken  country  consists  of  a  plain  two 
miles  and  a  half  wide  by  about  three  miles  in  length,  which  appears 
at  one  time  to  have  formed  a  lake  (Fig.  1) ;  the  suiface  is  now  varied 
by  a  number  of  circular  lagoons  of  some  depth.  The  fiver  and  its 
affluents,  which  encircle  this  area,  have  cut  their  beds  down  through 
the  lower  Tertiary  limestones  and  Septaria  clays  to  the  depth  of 
many  hundred*feet ;  and  the  Upper  Crag  has  been  removed  by  denu- 
dation. The  Cretaceous  limestone,  which  affords  an  excellent 
building-material,  is  distinguished  by  a  great  abundance  of  a  peculiar 
cup-shaped  Bryozoon  and  remains  of  Echinoderms,  and  contains 
many  Cetacean  bones. 

After  some  days  spent  in  examining  the  deposits  in  the  broad 
river-bed  and  that  of  the  tributary  flowing  through  the  fantastically 
broken  gorge  shown  in  the  sketch,  we  returned  with  a  considerable 
quantity  of  bones,  chiefly  of  Plesiosaurus  (ribs,  iliums,  ischium,  cora- 
coid  and  digital  bones),  obtained  from  the  intensely  hard  crystalline 
boulders  (many  weighing  several  tons),  which  I  came  to  the  con- 
clusion were  of  an  older  date  than  the  marly  clay  in  which  they  are 
imbedded,  having  probably  fallen  from  the  cliffs  on  the  shore  of  the 
Eocene  sea,  which,  for  some  reason,  was  apparently  destitute  of  life ; 
the  nqdeus  of  all  we  succeeded  in  breaking  was  either  a  Saurian's 
bone,  a  Gryphoea,  or  a  mass  of  calcareous  spar.  Nearly  all  contain 
great  quantities  of  fucoids. 
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There  w«s  one  deep  deurk  defile  which  much  tempted  ezploration ; 
but  the  only  possible  means  of  access  seemed  to  be  far  from  agreeable. 
The  mouth  of  the  gorge  was  very  narrow ;  two  precij^tous  difis 
hung  over  a  dark  pool,  at  the  base  of  a  high  slipperj  rock,  oyer 
which  the  diminished  summer  stream  fell  in  spray.  We  succeeded 
in  creeping  on  our  hands  and  knees  along  a  narrow  ledge,  along  the 
side  of  the  cliff,  and  climbed  the  precipice ;  and  the  extraordinary 
scene  alone  would  have  rewarded  us.  Gigantic  waUs  of  rock 
ascended  on  either  side  600  or  700  feet  precipitously,  from  which 
threateningly  projected  the  great  indurated  masses,  circular,  pear^ 
shaped  (some  double,  like  huge  hourglasses),  ready  apparently  to  ML 
at  the  slightest  touch  and  add  to  the  mass  of  fallen  blocks,  piled  upon 
each  other,  which  choked  up  the  ravine  to  the  depth  of  50  feet  and 
more,  most  of  them  containing  fossil  remains.  In  one  lay  displayed 
to  view  on  the  surface  fifteen  caudal  vertebree  of  a  great  Plesiosaurus : 
another  had  the  cervical  vertebne  and  two  forearms,  with  paddle- 
bones  and  digits,  which  we  gazed  at  with  longing  eyes ;  but  the  size  and 
hardness  of  the  rocks  rendered  their  extrication  impracticable  with 
such  small  tools  as  we  had  been  able  to  bring.  From  the  middle  of 
another  projected  a  small  suspicious- looking  bone,  which  might 
chance  to  prove  a  portion  of  what  I  so  desired  to  obtain,  the  skull 
of  the  creature.  Underneath  the  Septaria-cLiys  lies  a  small  seam 
of  brown  coal,  having  immediately  above  it  a  shell-bed  some  18 
inches  in  thickness,  in  which  I  found  remains  of  fishes  (palatal  teeth 
of  Hays  &c.).  I  broke  out  with  a  hammer  and  wedge  one  large  mass 
of  oyster-shells,  carbonized  wood,  and  rolled  quartz-pebbles  cemented 
together,  containing,  along  with  several  small  lacertian  teeth,  two 
very  perfect  large  vertebrae  of  procoelian  character. 

Eeturning  on  the  next  and  several  following  days,  we  conveyed  to 
the  place  largo  sledgehammers  and  crowbars,  and  brought  additional 
arms  to  help  us.  Leaving  a  stonemason  to  cut  out  the  vertebne, 
Mr.  Innes  and  I  set  to  work  at  the  large  boulder ;  and  when  at  last 
we  managed  with  wedges  to  effect  a  fissure  and  get  our  heavy 
crowbar  inserted,  we  had  the  infinite  gratification  of-  splitting  it  in 
half,  and  found  that  it  divided  along  the  siuface  of  a  magnificent 
skuU  in  splendid  preservation,  with  all  the  teeth  complete,  of  a 
Teleosaurian  2  feet  8  inches  in  length  from  the  point  of  the  snout 
to  the  base  of  the  cranium. 

After  a  day's  hard  labour  we  succeeded  in  breaking  it  out  of  its 
crystalline  matrix,  in  three  portions,  weighing  about  100  lbs,  each. 
On  returning  to  where  the  stonemason  was  at  work,  it  was  not  a 
little  mortifying  to  find  that  he  had  smashed  the  specimen  to  pieces ; 
.however,  it  was  a  consolation  that  we  had  not  intrusted  the  dis- 
engagement of  the  more  valuable  prizes  to  his  hands.  These  we 
carried,  step  by  step,  to  the  edge  of  the  precipice,  and,  lowering  them 
with  ropes,  placed  them  where  we  were  able  to  bring  a  packhorse  up 
the  river-bed.  The  collection  obtained  subsequently  in  this  spot 
included  several  vertebrse  of  Ichthyosaurus,  bones  of  the  pelvis,  sdso 
a  femur  and  humerus  of  large  dimensions. 

From  a  rock  by  itself  we  also  obtained  portions  of  the  skeleton  of 
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.a  different  Crocodilian,  which  had  fipequented  the  shores  of  the  ancient 
estnary  and,  so  £»  as  my  imperfect  acquaintance  with  the  acah]eet 
enabled  me  to  judge,  appeared  to  belong  to  a  species  of  TeUosaurvs 
which  had  stood  much  higher  off  the  ground  than  any  hitherto 
figured.  Considerable  quantities  of  coprolites  were  imbedded  in  one 
of  the  boulders  found  in  the  river-bed ;  and  in  a  gully  some  three  or 
four  miles  to  the  north-west  (which  had  been  so  deeply  excavated  by 
the  great  floods  of  late  years,  especially  of  1866*,  as  scarcely  to  be 
recognized,  any  more  than  the  upper  part  of  the  lai^er  tributary,  by 
one  who  had  not  visited  the  district  for  many  years)  valuable  addi- 
tions were  made  to  the  spoils.  Here  we  were  rewarded  by  finding  a 
boulder  with  bones  sticking  out  of  it  in  all  directions.  It  was  intensely 
hard,  however ;  and  the  fossils  were  in  a  very  friable  condition,  and 
broke  to  pieces  when  the  stone  was  struck,  however  carefully.  We 
collected  the  fragments  and  covered  them  with  gelatine  in  the  shape 
of  liquid  glue ;  and  the  specimens  (very  splendid  ones)  proved  quite 
perfect,  and,  when  joined  together,  scarcely  showed  the  fractures. 

*  The  writer  hopes  to  be  able,  in  a  future  paper,  to  give  eiact  details  of 
the  changes  effected  bv  the  great  storms  which  have  within  the  last  few  ^«rs 
surprised  the  settlers'in  the  Canterbury  Province,  and  afforded  most  striking 
evidence  of  the  power  of  running  water  to  accomplish  what,  without  such  demou- 
stration,  most  observers  would  probably  deem  it  necessary  to  refer  to  the  agency 
of  ice.  The  great  flood  above  referfedto,  descending  suddenly  without  apparent 
adequate  cause,  was  attributed  in  one  place  to  the  giving  way  of  the  bamer 
of  some  glacier-lake;  in  another  district  the  astonished  settlers,  escaping  from 
their  submerged  dwellings^  imagined  that  a  water-spout  had  burst  ovw  t^ 
lofty  peaks  of  the  inner  ranees ;  but  when  the  fact  became  known  that  tlie  floods 
had  extended  throughout  l£e  country,  from  Nelson  to  Soutiiland,  it  was  p!am 
that  neither  explanation  sufficed.  It  is  not  difficult  to  account  for  such  a 
debacle  in  the  Middle  Island,  subject  to  such  storms  as  that  which  occurred  in 
the  winter  of  1867,  when  the  snow  lay  on  the  plains  to  the  depth  of  6  feet,  and 
the  drifts  obliterated  valleys  of  500  feet  in  the  lower  ranges,  so  that  m  one 
instance  a  surveying  party  passed  over  a  gorge  of  fully  that  depth,  without  being 
aware  of  its  existence  until  the  following  summer.  The  accumulations  of  severe 
winters  are  exposed  suddenly  to  the  breath  of  the  hot  N.W.  wind,  whidi« 
rising  up  over  the  lower  currents,  passes  across  the  intervening  sea  from 
Australia,  and  strikes  upon  the  summits  of  the  lofty  Cordillera,  and  there 
rapidly  melts  the  snows,  and  sweeps  down  upon  the  eastern  plains  with  its  dry 
scorchingblasts,  which,  even  in  early  spring  raise  the  thermonaeter  to  90°  in  the 
shade.  Under  such  circumstances  we  may  be  prepared  to  witness  even  greater 
changes  rapidly  effected  in  the  contour  of  the  country,  in  which  such  remark- 
able memorials  remain  of  the  times  when,  imder  different  oosmioal  influ- 
ences, the  climate  was  more  rainy,  and  the  elaciers  (although  still  descending 
through  noble  forests  to  within  a  few  hundred  feet  of  the  sea,  upon  a  scale  of 
almost  unequalled  grandeur)  attained  much  vaster  proportions,  and  other 
operations  went  on  in  proportionate  magnitude.  In  Dr.  Haast's  excellent  paper 
upon  tiie  formation  of  the  Canterbury  plains,  the  enormous  deposits  of  gravel 
and  sand  are  described  that  compose  tliis  great  tract  of  country,  which, 
although  seemingly  a  dead  level,  slopes  on  an  average  30  feet  in  the  mile 
to  the  sea.  In  such  a  region  one  can  understand  great  changes  of  the  surface 
taking  place  also  gradually  and  unobserved,  under  the  eyes  of  the  inhabi- 
tants. A  curious  evidence  of  this  was  afforded  by  the  discovery  of  a  silver  orna- 
ment, at  the  depth  of  60  feet,  in  digging  a  well  at  Christchurch,  which  gave 
rise  to  surmiees  as  to  the  Peruvian  origin  of  the  aborigines,  until  the  article  was 
recognized  bv  a  lady  as  having  been  lost  by  her  ten  years  before,  when  her 
hus^nd  pitched  his  tent  near  the  spot. 
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They  consisted  of  fourteen  very  large  vertebrae  of  very  slightly 
proocelian  character  (with  processes  in  perfect  preservation),  bones  of 
the  pelvis  and  extremities,  and  a  most  singular  one  shaped  like  the 
ischium  of  a  Plesimaurus  found  in  the  other  ravine,  but  much  more 
angular.  Here  also  a  small  hard  concretionary  boulder,  as  brilliant 
when  fractured  as  fine  granite,  contained  a  very  beautiful  Siene- 
opteiis. 

The  whole  collection,  being  brought  safely  to  Christchurch,  was 
£9rwarded  to  England  in  the  '  Matoaka/  which  sailed  in  May  last, 
but  has  not  since  been  heard  of. 

BiSClTSSlOK. 

Mr.  BoTD  Dawkins  remarked  on  the  presence  of  Grocodilia  in 
New  Zealand  being  proved  by  the  procoelian  vertebrse. 


4,  On  the  Bisgoveby  of  Organic  EEMAiirs  in  the  Cabfbbean  Sebies 
o/TBiinDAD.  By  R.  J.  Lbchmkbe  Guppt,  Esq.,  F.L.S.,  F.G.S.,  Pre- 
sident of  the  Scientific  Association  of  Trinidad,  &c.  &c. 

[Absfcract.] 

The  author  described  the  formation  called  the  "  Caribbean  Group  * 
by  the  Government  Geological  Surveyors  of  the  West  Indies  as 
forming  a  considerable  portion  of  the  littoral  Cordillera  of  Venezuela, 
and  as  extending  eastward  through  the  north  of  Trinidad  to  Tobago. 
It  consists  of  gneiss,  gneissose,  talcose,  and  micaceous  slates,  and 
compact  limestones.  The  metamorphic  rocks  of  Guiana  lately  de- 
scribed by  Mr.  Ealph  Tate  (Quart.  Joum.  Geol.  Soc.  vol.  xxv. 
p.  343)  are  regarded  by  him  as  of  the  same  age  as  those  of  the  lit- 
toral chain  of  Venezuela ;  and  it  is  probable  that  the  series  occurs 
again  in  New  Granada.  Mr.  David  Forbes  mentions  the  occurrence 
of  gneissic  and  metamorphic  strata  on  the  Bolivian  coast  and  in  the 
desert  of  Atacama.  According  to  M.  Pissis,  an  extensive  series  of 
micaceous  and  gneissoid  strata  underlies  the  Silurian  beds  of  Illi- 
mani  in  Bolivia ;  and  Mr.  Darwin  alludes  to  strata  of  claynslate  &c. 
older  than  the  Silurians  of  the  Chilian  Andes.  The  author  con- 
sidered that  the  Caribbean  formation  will  be  found  to  mark  one  of  the 
*'  stable  areas  "  insisted  upon  by  Prof.  Dana. 

The  northern  range  of  mountains  of  Trinidad  is  composed  en- 
tirely of  rocks  belonging  to  the  Caribbean  formation.  The  section 
from  N.N.W.  to  S.S.E.  from  the  sea,  through  the  valleys  of  Diego 
Martin,  Maraval,  and  St.  Ann,  shows  the  following  succession  of 
Focks  in  ascending  order : — 

1.  Mica-slates,  with  quartzose  sandstone ;  2.  Crystalline  lime- 
stone; 3.. Argillaceous  slates,  with  hard  sandstones,  conglomerates, 
and  thin  beds  and  strings  of  calcareous  matter ;  4.  Compact  lime- 
atone,  forming  the  Laventille  hills  bordering  the  plain  of  Caroni. 

The  total  thickness  of  these  rocks  in  Trinidad  is  stated  by  the  au- 
thor at  upwards  of  10,000  feet ;  and  he  is  of  opinion  that  the  thick* 
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Bess  of  the  whole  group  is  many  timeB  greater  than  thia,  a  portion 
of  the  eeriea  in  Venezuela  being  probably  inferior  in  position  to  the 
rocks  exposed  in  Trinidad.  A  high  angle  of  inclination  almost 
everywhere  prevails,  the  general  range  of  dip  being  from  30^  to  the 
vertical. 

After  noticing  the  difficulty  which  has  hitherto  existed  in  deter- 
mining the  age  of  the  Caribbean  formation,  from  the  want  of  fosnl 
evidence,  the  author  stated  that  he  has  found  undoubted  traces  of 
the  existence  of  organisms  during  the  deposition  of  these  rocks. 
In  the  uppermost  compact  dark-blue  limestone  (No.  4)  obscure 
fossils  occur.  In  the  clay-slates  and  quartz -rocks  (No.  3)  under- 
lying this  limestone  there  are  strings  and  bands  of  calcareous  matter 
which  sometimes  contain  fossils.  In  a  portion  of  one  of  these 
strings  found  by  the  author  about  3  feet  below  the  surface  in  the 
decomposed  mica-slate  forming  the  soil  of  one  of  the  valleys,  he  de- 
tected a  structure  which  he  regards  as  of  animal  origin,  and  as  pro- 
bably most  nearly  related  to  Eozoon,  He  was  unable  to  detect  any 
traces  of  tubulation  in  it,  but  suggests  that  this  character  may  have 
been  obliterated,  as  in  the  Tudor  specimen  (Quart.  Journ.  GeoL  8oc. 
vol.  xxiii.  p.  257).  The  chambers  are  said  by  the  author  to  be  more 
elliptical  than  those  of  Eozoon  canadense ;  and  for  this  and  other 
reasons  he  proposed  to  regard  it  as  a  new  species,  under  the  name 
of  Eozoon  caribhcpum. 

Associated  with  this  supposed  Eozoon,  the  author  has  found  other 
remains.  These  include  fragments  of  coral,  some  of  which  are 
stated  to  resemble  Favosites,  although  no  pores  or  tabulsB  could  be 
detected  in  them.  These  fragments  are  thought  by  the  author  to 
have  belonged  to  a  minute  branching  Favosites,  which  he  proposes 
to  name  F,  fenestralis.  Plates  and  stems  of  Echinoderms  are  scat- 
tered through  the  rock.  The  author  particularly  described  a  spe- 
cimen consisting  of  five  ambulacral  plates,  with  four  pairs  of  pores, 
and  another  fragment  showing  portions  of  at  least  twenty  ambn- 
lacral  or  pscudo-ambulacral  plates,  reminding  one  of  those  of  the 
Devonian  Ehacrinvs. 

The  author  has  found  that  the  bands  of  calcareous  matter  inter- 
stratified  among  the  slates  are  seldom  devoid  of  organic  remains, 
except  when  they  are  very  highly  metamorphic.  In  a  finely  lami- 
nated limestone  he  found  great  abundance  of  obscure  fossils,  many 
of  which  appeared  to  be  remains  of  Cystidea,  whibt  others  resem- 
bled annelid -tubes,  like  SahereUa, 

The  author  suggested  that  the  function  of  Eozoon  in  pre-Cam- 
brian  times  was  analogous  to  that  of  corals  at  subsequent  periods. 
He  considered  that  there  is  the  highest  probability  that  the  Caribbean 
series  will  ultimately  prove  to  be  pre-Silurian. 

Discirssioir. 

Dr.  CARPEirrEB,  ftx)m  the  slight  examination  he  had  been  able  to 
make  of  the  fossils,  was  unwilling  to  speak  decidedly  about  tiiem. 
There  was,  however,  no  doubt  of  numerous  organic  remains  oocor- 
ling  in  the  rocks,  and  among  them  serpuline  sheUs  and  eehinodenDB. 
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As  to  the  sapposed  Eozoan^  he  had  not  been  able  to  recognize  any  ol 
the  ohaiacteristics  of  that  fossil ;  and  by  treating  the  Trinidad  spe* 
eimens  with  add,  he  fonnd  no  traces  of  structure  left,  and  yet  there 
had  not  been  sufficient  metamorphbm  to  destroy  other  organisms. 
In  some  dredgings  from  the  j£gean  Sea  he  had  found  fragments  of 
echinoderms  and  other  organisms,  in  which  a  siliceous  deposit  had 
replaced  the  original  sarcode  in  the  same  manner  as  had  occurred  in 
the  Canadian  Eozoon,  thus  proving  the  possibility  of  this  form  of 
substitution,  which  had  been  warmly  contested. 

Mr.  Tate  offered  some  su^estions  as  to  the  age  of  these  beds, 
which  were  certainly  older  than  Neocomian.  The  Califomian  gold- 
bearing  beds  appear  to  be  Jurassic.  Similar  beds  occurred  in  New 
Mexico,  Guatemala,  and  were  observed  by  him  in  Nicaragua  and 
Costa  Bica.  These  present  lithological  and  mineralogical  affinities 
to  the  Venezuelan  and  Trinitatian  metamorphio  series,  and  were 
conjectured  to  be  of  the  same  age. 


6.  On  the  Fall  of  an  Abrolitb  in  Fezzak.     By  M.  Cotjmbaby. 

(Communicated  by  R.  H.  Soott,  Esq.,  M.A.,  F.aS.) 

[Abstract.] 

The  object  of  this  communication  was  to  describe  the  fall  of  an 
aerolite  or  bolide,  which  look  place  on  the  25th  December,  1869,  at 
Mourzouk,  in  Fezzan  (lat.  26^  N.,  long.  12°  E.  of  Paris),  in  the  pre- 
sence of  a  group  of  Arabs.  The  bolide  is  described  as  a  globe  of  lire 
nearly  a  metre  in  diameter,  which,  on  falling,  exploded  with  a  sound 
resembling  pistol-shots  and  a  strong  odour. 

It  is  further  stated  that  the  whole  or  portions  of  the  bolide  wiU  be 
forwarded — and  that,  according  to  information  given,  the  poignards, 
sabres,  and  lances  of  the  principal  people  of  Wuddai  are  constructed 
of  meteoric  iron,  much  of  which  has  fallen  in  that  district. 


April  13th,  1870. 

8.  W.  North,  Esq.,  of  Castlegate,  York,  was  elected  a  Fellow  of 
the  Society. 

The  following  communications  were  read : — 

1.  A  letter  from  Dr.  Gerard  Krefft,  dated  Sydney,  29th  January, 
1869,  accompanying  a  model  of  the  left  lower  incisor  of  Thylacoleo 
camiftXy  Owen,  as  restored  by  the  author,  and  a  cast  of  the  original 
fragment  which  enabled  the  model  to  be  made.  Dr.  Krefit  referred 
as  follows  to  the  fossil  remains  of  Herbivorous  Marsupials  in  the 
lioseum  at  Sydney  :-^ 

<'  There  is  a  very  fine  series  of  fossil  remains  in  the  Australian- 
Museum  collection,  and  very  many  of  the  specimens  yet  unde- 
termined. 
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**  Besides  a  large  namber  of  Wombats  (Phaseolomys)  the  ezist- 
enoe  of  very  Wombat-like  Kangaroos,  or  rather  Wallabies  {Hahrna" 
lurt),  is  proved  by  fossil  remains  of  these  animals.  In  fact  the  whole 
tribe  was  different  from  those  of  the  present  day,  on  acoonnt  of  the 
shortness  of  their  extremities  ;  the  skull  and  lower  jaw  also  differed 
considerably  ;  and  in  the  catalogae  which  I  am  preparing  of  these 
remains  I  have  divided  the  Kangaroos  into  three  distinct  gronpe : — 
<<  1.  Macropus,  with  dentition  as  the  present  Kangaroos,  whereof 
Maeropus  major  is  the  type.     Premolar  soon  lost. 

^*  2.  HalmaturuSf  represented  by  the  smaller  Kangaroos,  known 
as  ''  Wallabies."  Head  rather  shorter  than  in  the  true  Kangaroos. 
Premolar  permanent. 

<*  3.  This  group  comprises  all  the  gigantic  species  which  have  been 
referred  to  Macropus^  but  which  in  reality  are  gigantic  ffalmcUuri, 
with  very  strongly  developed  premolars,  resembling  those  of  the 
genus  Bettongia.  But  as  there  are  two  very  distinct  kinds  of  pre- 
molars developed,  I  have  subdivided  the  Halmaturi  again : — 

'<  a.  Into  such  as  have  long,  narrow,  and  compressed  premolars, 
moderately  elongate  heads,  and  the  rami  of  the  lower  jaw 
but  slightly  anchylosed ;  and 
"  h.  Into  the  Wombat-like  Wallabies,  with  short  heads,  strongly 
anchylosed  lower  jaws  (immovable  jaws,  in  fact),  inci- 
sors without  cutting-edge.  (The  present  Kangaroos  and 
Wallabies  have  the  rami  only  slightly  anchylosed,  and  use 
the  teeth  like  scissor-blades  for  cutting  the  grass.)  The 
pi>emolar  tooth  in  this  group  is  very  compact,  rounded, 
molar-like,  and  approaches  in  shape  the  same  tooth  in 
Diprotodon  or  Nototherium. 

BiSCTJSSION. 

Prof.  Owes  remarked  upon  the  importance  of  the  researches  made 
by  Dr.  Krefft  and  Prof.  Thomson  in  the  caves  of  Wellington  Valley. 
No  traces  of  man  had  been  found.  The  numerous  remains  of 
Mammals,  especially  the  Herbivorous  species,  had  doubtless  been 
carried  into  the  caves  by  Thylacoleo, 

Prof.  Busk  inquired  on  what  grounds  Prof.  Owen  decided  that 
the  teeth  of  ThylcusoUo,  of  which  casts  were  exhibited,  were  Carni- 
vorous. 

Prof.  Owen  indicated  the  remarkable  compression  of  the  tooth  and 
the  absence  of  the  spatulate  form  proper  to  the  Kangaroos,  also  its 
association  with  a  large  '^camassial"  and  small  ''tubercular" 
tooth,  as  characteristic  of  Thylaeoleo  and  indicative  of  carnivorous 
habits. 

Mr.  W.  BoTD  Dawktsb  stated  that  Thylaccleo  was  most  closely 
allied  to  JPlagiaulaa:,  which  was  probably  a  true  Herbivore.  He 
indicated  the  importance  of  the  question,  as,  if  ThylacoUo  were  a 
Carnivore,  Flagiatdax  would  be  one  also. 

Prof.  OwBK  remarked  that  Plagiardax  was  also  a  Carnivore.  The 
premolars  resembled  the  small  tubercular  molars  of  the  Hysenas, 
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FelidSy  Ao.  The  anterior  tooth,  associated  with  camassial  teeth 
and  the  small  tubercular  tooth,  was  compressed  and  sharp-pointed. 
The  low  condyle  forming  part  of  the  angle  of  the  jaw,  was  snch  as 
occurs  in  Thylaeinus,  not  as  in  Cfieiromys. 

Dr.  Duncan  remarked  that  it  is  by  no  means  necessary  that  all 
CamiYorous  Mammals  should  be  formed  upon  the  same  type,  and 
that  he  did  not  see  why  there  should  not  be  a  carnivorous  form  of 
the  Kangaroo  type. 

The  Ghaibman  said  that  the  settlement  of  these  questions  must 
now  be  postponed  until  we  obtain  further  materials.  He  mentioned 
the  discovery  by  Dr.  Kre£ft,  in  the  interior  of  Australia,  of  a  species 
of  fish  resembling  Lepidosiren,  and  possessing  singular  affinities  to 
some  of  the  Devonian  fishes. 


2.  On  Fossil  Kemains  of  Maxmaia  found  in  China. 
By  Professob  Owen,  F.R.8.,  F.G.S. 

[Plates  XXVH.-XXIX.] 

8iNCB  making  known  in  1858  the  fact  of  a  fossil  tooth  of  an  ele- 
phantine species  having  been  obtained  at  Shanghai,  China*,  I  have 
omitted  no  opportunity  of  acquiring  further  evidences  of  the  ex- 
tinct mammals  of  that  part  of  the  Asiatic  continent ;  and  I  am  now 
enabled  to  communicate  characters  of  remains  of  several  other 
mammalian  genera,  through  the  kindness  of  Kobert  Swinhoe,  Esq., 
late  H.M.  Consul  in  the  Island  of  Formosa,  and  to  whom  zoology  is 
indebted  for  several  interesting  discoveries. 

Before  proceeding  to  the  description  of  Mr.  Swinhoe's  specimens, 
I  may  premise  a  more  complete  description  than  has  appeared  of  the 
first-mentioned  fossil,  of  which  outlines  of  the  grinding-surface  and 
inner  and  outer  side  views  are  appended,  of  the  natural  size  (PL 
XXVn.  figs.  1,  2,  3). 

Steoobon  sinensis,  Ow. 

The  tooth  in  question  is  the  second  upper  molar  (d  3  of  the  type 
series)  from  the  right  side.  Its  crown,  in  a  length  of  three  inches, 
is  divided  into  five  transverse  ridges,  the  proportions  of  which,  aa  to 
height  and  basal  breadth,  with  the  ridged  and  wrinkled  character  of 
the  enamel,  suffice  for  its  reference  to  a  species  of  the  group  of  Pro- 
boscidians discQvered  by  Crawfurd  in  the  Irrawadi  Tertiaries  of 
Ava,  and  described  by  CHfb  in  the  second  volume  of  the  second  series 
of  the  Transactions  of  the  Geological  Society  (p.  369,  pis.  36-39, 
1828).  And  here  I  beg  leave  to  express  my  sense  of  the  wise 
appreciation  of  the  needs  of  the  palaeontologist  by  the  Council  of  the 
Society  in  publishing  figures  of  the  type  molars  of  those  **  Transi- 
tional MaBtodons"f  of  the  natural  size. 

In  the  present  tooth  the  first  or  foremost  ridge  (PI.  XXYII.  figs.  1 

*  By  Mr.  Lockhart,  *  Beport  of  the  British  AMOciation  for  the  year  1858/ 
"  Preeident'fl  Address,"  p.  Inxri. 
t  Odontognphy,  p.  ZMk,  Section  22a 
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&  2,  i)  is  defined  by  a  oleft  on  the  oater  side  of  the  tooth,  but  not  on 
the  inner  nde,  fig.  3 ;  here  the  abraded  snifaces  of  ridges  1  and  2  are 
blended  by  wear  into  a  common  hollow  field  of  smooth  dentine(fig.l,a). 
There  is  a  alight  oonstrictton  near  the  part  where  the  worn  sni&oe 
of  the  first  ridge  blends  with  that  of  the  second ;  and  this  eonstrio- 
tion,  which  may  be  detected  in  the  suooeeding  rifles,  I  take  to  be  a 
trace  of  that  stronger  one  which  more  completely  divides  the  tran»- 
Terse  coronal  ridge  in  the  molars  of  better  Mastodons  into  an  inner 
and  an  outer  part.  A  well  marked  tubercle  (figs.  1  and  2./)  projects 
at  the  outer  side  of  the  base  of  the  first  ridge,  i,  near  the  interspace 
between  that  and  the  second  ridge.  The  second  field  of  abrasion 
(ib.  ib.  i)  although  it  broadens  inwards  to  the  common  hoUow,  shows, 
before  losing  its  individuality,  a  similar  indication  of  constriction,  or 
reciprocal  inbending  of  the  enamel  boundary.  The  same  indication, 
though  feeble,  is  obvious  in  the  succeeding  ridges  (s,  4,  s,  a),  which, 
by  the  unequal  working  of  the  lower  giinder,  show  a  broader  field  of 
dentine  as  they  pass  inward.  The  third  and  fourth  ridges,  which 
are  entire,  show  their  slightly  undulated  course  from  the  outer  to 
the  inner  side,  which  is  lower  and  more  worn.  The  ridge  at  first 
inclines  a  little  backward,  then,  at  the  indication  of  constriction, 
bends  forward,  and  finally  resumes  the  transverse  course  to  the 
inner,  lower  and  more  worn  side  of  the  tooth. 

Now  this  character  is  not  shown  in  the  Mastodon  eUphantoides, 
Clift,  of  which  the  antepenultimate  upper  molar  (m  1)  is  figured,  of 
the  natural  size,  in  plate  39.  fig.  6,  loe.  ci/., — nor  in  the  homologous 
tooth  of  the  same  species,  also  from  Ava,  figured  (one-third  natural 
size)  as  of  Elephas  Cliftii,  in  the  '  Fauna  Antiqua  Sivalensis'  of 
Falconer  and  Cautley,  pi.  30.  fig.  2. 

From  the  general  conformity  of  character  of  the  transverse  ridges 
in  the  last  three  molars  (m  1,  m  2,  m  3)  of  this  species,  it  is  unlikely 
that  so  marked  a  difference  of  course  and  configuration  of  the  ridges 
should  exist  in  the  second  grinder,  answering  to  d  3,  of  the  same 
species. 

Nevertheless  in  the  number  of  ridges  in  a  given  tract  of  the 
grinding-surface,  in  their  height  and  breadth  of  base,  and  in  the 
absence  of  intervening  cement,  the  conformity  of  the  Chinese  molar 
with  the  grinders  of  the  Mastodon  dfphanioides  is  close.  The  enamel 
also  shows  the  same  vertical  linear  impressions  and  ridges,  by  which 
we  may  reckon  that  the  summit  (say,  of  the  fourth  ridge  in  the  tooth 
here  described),  if  it  were  unworn,  might  be  cleft  into  from  thirteen 
to  fifteen  small  mamillas. 

This  structure  is  well  shown  in  the  full-sized  figure  of  the  upper 
molar  (m  1)  of  Mastodon  elephantoides,  Clift  (in  plate  39.  fig.  6, 
Trans.  Geol.  Soc.  vol.  ii.  second  series). 

In  a  tooth  of  an  allied  species  from  the  Siwalik  tertiaries,  homo- 
logous with  the  specimen  under  description,  figured  in  the  '  Fauna 
Antiqua  Sivalensis,'  pi.  29.  figs.  3, 3  a,  as  of  Elephas  homhijrong,  but 
subsequently  referred  by  Falconer  to  his  Elephas  (Stegodon)  insignis*, 

*  Faheontologioal  Memoirs,  vol.  i  p.  469,  in  deMviptioa  of  plate  29. 
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one  may  make  oat  in  the  rednced  figure  (half  natural  size)  the 
preflenoe,  but  not  the  number,  of  marginal  mamillsB  on  the  fourth 
or  penultimate  ridge.  But  whilst  this  figure  illustrates  the  degree 
of  correspondence,  it  serves  at  the  same  time  to  show  the  specific 
degree  of  difference  between  the  second  upper  milk-molar  of  Mas- 
todon  (Stegodan)  sinensis  and  Mastodon  d^hantoides,  Clt.,  or  Stegodon 
insignisy  Fr. 

The  original  of  Palconer's  figure  being  in  the  British  Museum, 
yields  the  foUowing  admeasurements,  giving  the  difference  in  size 
and  proportions  between : — 

8^.  sinensis,  Steg,  tnaignis, 

in.     lines.  in.    lines. 

Length  of  crown 2        10  2        6 

Greatest  breadth  of  crown 2          0  2        1| 

In  Stegodon  sinensis  the  deciduous  tooth  is  longer  (antero-posteriorly) 
in  proportion  to  its  breadth.  The  tubercle  at  the  outer  interspace 
between  the  first  and  second  ridges  is  larger  and  situated  more 
immediately  upon  the  interspace,  closing  it  externally.  The  trans- 
verse divisions  increase  in  breadth  from  the  first  to  the  fourth,  the 
last  being  narrower,  though  not  to  the  same  degree  as  in  Steg,  in^ 
signis ;  neither  do  the  ridges  increase  so  regularly  to  the  fourth  in 
the  Ava  and  SiwaHk  species  as  in  Steg,  sinensis.  The  ridges  in  Steg. 
insignis  are  loftier  as  well  as  narrower  than  in  Steg,  sinensis ;  the 
sculpturing  is  somewhat  coarser;  the  fourth  unworn  ridge  shows 
about  twelve  mam i Use.  The  fangs  or  roots  of  the  tooth  are  not 
defined  in  the  Siwalik  tooth.  In  the  Chinese  one  the  fore  part  of 
the  crown,  divided  externally  into  the  two  anterior  ridges  (Fl.  I.  fig. 
2,  1  &  3),  is  supported  by  one  fang  deeply  grooved  on  the  side 
turned  toward  the  second  :  this  root  is  much  larger,  and  supports  all 
the  remainder  of  the  tooth  ;  its  base  being  entire,  we  are  able  to 
infer  that  only  the  hind  part  of  the  last  coronal  ridge  (5)  has  been 
broken  away,  and  that  there  could  not  be  any  added  talon  at  that 
end  of  the  tooth.  The  anterior  vertical  surface  of  the  crown  (ib. 
fig.  A)  shows  a  smooth  concavity  with  the  enamel  worn  through  to 
the  dentine  by  the  pressure  against  the  antecedent  molar  (d  2).  The 
thick  layer  of  cement  which  coats  the  dentine  of  the  base  of  the 
tooth  and  its  two  divisions  is  well  preserved,  which  leads  me  to 
doubt  whether  it  could  at  any  time  have  existed  in  the  coronal  clefts 
of  the  teeth  of  the  present  species. 

The  molars  of  Elephas  (Stegodon)  insignis,  Fr.,  chiefly  differ  from 
those  of  E,  (St)  ClifiiifFr,,  in  the  much  greater  mass  of  laminate 
cement  that  fills  up  the  valleys*.  As  this  difference  is  to  be  added 
to  those  above  described,  it  further  opposes  the  reference  of  the 
Chinese  proboscidian  tooth  to  the  St,  insignis. 

Of  the  EUphas  (Stegodon)  CUfiii,  Fr.,  no  tooth  has  yet  been 
acquired  homologous  with  the  Chinese  specimen.  From  the  general 
analogy  of  retention  of  pattern  of  grinding-surface,  notwithstand- 
ing the  increase  of  size  and  number  of  coronal  ridges  as  the  molars 
recede  in  position,  we  may  certainly  infer,  from  there  being  no  mark 
*  Falconer,  *  Palaeontological  Memoirs,'  8to,  toL  ii.  p.  86. 
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of  a  longitudinal  line  bisecting  the  tooth  into  an  onter  and  an  inner 
division*,  and  from  the  ridges  '*  being  a  little  conyex  in  front  and 
concave  behind,  determining  a  similar  form  to  the  valley  between 
them"t,  that  the  milk-tooth  with  sinuously  disposed  ridges  and 
valleys  cannot  belong  to  that  species. 

I  note,  however,  in  the  upper  molars  of  the  Blephas  (St^ocUm) 
homhifrons,  Fr.,  a  tendency  to  sinuosity  in  the  transverse  course  of 
the  ridges,  and  an  indication  of  a  median  constriction  in  some  of 
them,  which  comes  nearer  to  the  character  of  the  Chinese  tooth. 
Unfortunately  the  homologue  of  that  tooth  has  not  been  obtained  of 
the  E,  homhifrons.  It  is  very  significant  of  the  tact  of  discerning 
differential  characters  so  happily  possessed  by  our  late  distinguished 
fellow  labourer,  that  in  the  figures  (5  and  6)  which  he  has  given  of 
two  fragments  of  large  upper  molars  with  the  above  characters  some^ 
what  more  marked,  in  plate  29  A  of  the '  Fauna  Antiqua  Sivalensis/ 
illustrative  of  his  Elephas  homhifrons,  he  should  have  appended  to 
his  ascription  of  those  fragments  to  that  species  a  note  of  interro- 
gation, and  should  have  added  in  the  posthumous  account  given  in 
the  '  Palseontological  Memoirs'  the  following  expression  of  mature 
and  probably  final  opinion : — "  Doubtful  what  figures  5  and  6  are" 
(vol.  i.  p.  460). 

Now,  after  a  close  comparison  of  my  Chinese  deciduous  molar 
with  every  specimen  in  the  British  Museum  likely  to  elucidate  its 
specific  character  (and  most  have  been  beautiAilly  figured,  though, 
unfortunately,  with  much  reduction  of  size,  in  the  master-work 
above  quoted,  'Fauna  Antiqua  Sivalensis'),  and  with  specimens 
and  figures  of  specimens  in  other  collections,  there  is  none  more 
likely  to  belong  to  the  same  species  of  Elephas  or  Mastodon  or 
Stegodon  than  the  fragment  of  upper  molar  from  the  Siwalik  ter- 
tiaries,  of  the  specific  nature  of  which  Falconer  was  doubtftil.  I 
conclude,  therefore,  that  the  best  service  to  science  will  be  to  record 
the  characters,  with  figures  of  the  natural  size,  of  the  second  upper 
grinder,  d  3,  right  side,  of  the  proboscidian  from  Shanghai,  as  of  a 
Stegodon  sinensis,  to  which,  vritii  probability,  though .  not  with  cer- 
tainty, the  fragments  of  the  large  Stegodon,  of  a  species  to  Falconer 
unknown,  from  the  Siwalik  tertiaries  may  also  belong. 

Howsoever  this  may  prove,  it  is  acceptable  to  find  the  results  of 
comparisons  converging  and  concurring  in  approximating  the  Chinese 
Proboscidian  most  nearly  to  those  extinct  forms  which  have  laid 
their  bones  and  teeth  in  localities  geographically  nearest  to  the 
grave  of  the  Stegodon  sinensis, 

I  have  not  deemed  it  expedient  to  slice  a  unique  tooth  for  mi- 
croscopical scrutiny ;  but  there  is  no  more  appearance  of  cement  in 
the  coronal  interspaces  of  the  present  Chinese  fossil  molar  than  in 
those  of  the  more  Mastodontal  forms  of  Proboscidia.  This,  however, 
would  not  exclude  the  Mastodon  sinensis  from  the  section  of  Pro- 


•  Falconer,  *  Palteontologioal  Memoirs,'  vol.  i.p.  113. 
.  *. .,       ,, .  .,   ..         .  "   '     rn  i 
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t  Ibid.  P- 1 14.  Both  theee  characten  are  well  Rhown  in  the  upper  (first  true) 
molar  of  Clift's  Mastodon  elephantoides  =  Stegodon  Cliftii,  Fr.,  loc,  at.  pi.  39. 
fig.  6. 
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bosddia  indicated  in  my  '  Odontography'  as  *<  transitional  forms  "*» 
since  defined  by  Falconer  under  the  generic  name  8tegodan%  of 
which  he  gives  as  one  character,  '*  the  enamel  is  very  tiuck,  and 
the  coronal  interspaces,  in  most  species,  are  filled  up  with  an 
enormous  quantity  of  cement  "t — ^^  admission  of  exception  which 
significantly  points  to  the  difficulty  of  defining  or  circumscribing 
the  generic  groups  in  the  grand  gradational  series  of  modifications 
of  the  Proboscidian  order,  for  the  knowledge  of  which  science  is 
mainly  indebted  to  Kaup,  Clift,  and  Falconer. 

Steoodon  orikn^talis,  Ow. 

The  molar  of  Stegodon  sinensis,  above  described^  alleged  to  be 
"  from  marly  beds  in  the  vicinity  of  Shanghai,"  showed  by  its  colour 
and  mineralized  condition  that  it  had  been  derived  from  some  such, 
probably  tertiary,  deposit. 

The  portions  of  proboscidian  molars  which  I  have  next  to  notice 
are  in  a  less  altered  condition.  The  dentine  retains  its  original 
white  colour,  and  has  only  lost  its  soluble  constituent,  which  causes 
it  to  adhere,  like  chalk,  to  the  tongue;  the  enamel  also  has  its  recent 
pearly  tint ;  a  thick  mass  of  cement  appears  to  have  been  retained 
in  the  intervals  of  the  coronal  ridges. 

One  of  these  ridges,  with  the  contiguous  halves  of  two  others, 
form  a  molar  two  inches  nine  lines  in  breadth  (PL  XXYUI.  figs.  1 
&  2) ;  a  portion  of  a  posterior  ridge  with  a  low  basal  heel,  from  the 
same,  or  the  same-sized  tooth,  and  the  last  two  ridges,  with  a  terminal 
half  ridge  or  talon,  of  a  milk-molar,  one  inch  and  a  half  in  breadth 
(ib.  figs.  3  &  4),  represent  the  present  species. 

These  fragments  form  part  of  the  series  of  t^eth  obtained  by  Mr. 
Swinhoe,  and  said  to  be  <<&om  a  cave,  near  the  city  of  Chung-king- foo, 
in  the  province  of  Sze-chuen."  The  condition  of  the  fragments  agrees 
with  the  statement,  viz.  that  they  were  from  a  cavern. 

In  the  largest  fragment  a  longitudinal  extent  of  grinding-surface 
of  two  inches  includes  the  summits  of  three  ridges.  The  basal 
breadth  of  the  ridge  (ib.  fig.  2)bbis  one  inch  ;  its  height  (unworn) 
is  one  inch  four  lines,  measured  along  the  sloping  side.  One  slope, 
I  think  the  anterior,  is  rather  more  inclined  than  the  other.  The 
ridge  (ib.  fig.  1)  aa  runs  straight,  or  nearly  so,  across  the  tooth ; 
the  entire  ridge  is  cleft  at  the  simimit  into  about  a  dozen  mamilhe 
by  as  many  vertical  grooves ;  the  dentine  rises  into  the  base  of  each 
mamilla.     The  enamel  («)  averages  two  lines  in  thickness. 

From  the  above-defined  characters  it  is  plain  that  we  have  here^ 
also^  parts  of  a  t'  transitional  Mastodon,"  in  other  words,  a  species  of 
Stegodon,  Fr.  In  the  straight,  or  nearly  straight,  direction  of  the 
coronal  ridges,  and  the  absence  of  any  trace  of  mid  cleft,  these 
molar  fragments  more  resemble  the  teeth  of  Stegodon  Cliftii,  St,  tw- 
signisy  and  St.  ganesa  of  Falconer  than  does  the  St,  sinensis',  and 

.   *  '  Odontography/  Probo8cidia,  Section  228. 

t  **Elephiu  we  divide  into  three  sectional  groups,  viz.  StModon^  heing  the 
species  which  Owen  calls  Transitional  Mastodons^  the  M.  eUpKantoides  of  Clift, 
and  of  which  there  are  three,  and  perhaps  four,  Indian  fossil  species." — PaltBon- 
tol,  Mefnuy&Sy  vol.  i.  p.  20. 

{  PaUeontological  Memoirs,  vol.  ii.  p.  9.  r^  ^ 
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in  tbe  appmnt  quantity  of  ooronal  cement  (ib.  fig.  2  e)  as  weQ  as 
in  the  evidence  of  a  hinder  talon  (ib.  fig.  3  t),  they  are  more  like 
8L  imignis  than  St.  Clifdi.  Tet  the  two  hinder  ridges,  witii  the 
terminal  talon  of  the  to<^  (ib.  figs.  3  &  4),  which,  in  breadth,  oor- 
responds  with  the  second  upper  deciduous  molar  of  St,  inngnig  and 
St.  iinenns,  clearly  differ  from  both.  The  last  two  ridges  run 
straighter  across,  are  of  the  same  extent,  and  are  divided  by  more 
numerous  vertical  grooves  into  smaller  and  correspondingly  numerous 
apical  mamiUie.     The  second  of  these  ridges  is  cleft  in  the  middle. 

From  the  alleged  conditions  of  discovery,  and  the  little-altered 
condition  of  the  above-described  portions  of  proboscidian  molars, 
one  would  be  led  to  deem  them  to  be  of  as  comparatively  recent 
geological  age  as  our  ordinary  British  Cave-fossils.  The  section, 
however,  of  Proboscidia  to  which  they  indubitably  belong  has  not 
hitherto  been  known  to  be  represented  by  fossils  of  later  age  than 
of  an  upper  miocene  or  older  pliocene  period. 

I  believe  the  ground  to  be  good  for  indicating  this  second  kind  of 
Chinese  proboscidian  as  Stegodon  orientaUs,  Ow. 

HriENA   SIKENSIS,  Ow. 

The  genus  Hycma,  Storr,  Cuv.,  is  represented,  in  the  present  col- 
lection, by  an  upper  premolar,  p  3  (PI.  XXVIII.  figs.  5  &  6),  a  lower 
premolar,  p  3  (ib.  fig.  7),  and  by  a  lower  canine. 

The  upper  premolar  is  from  the  right  side  of  the  jaw:  it  exceeds 
in  antero-posterior  diameter  that  tooth  in  Hyana  erocuta^  is  still 
larger  than  that  of  Hijasna  hrumua^y  and  is  nearly  double  the  size  of 
that  in  tbe  existing  Asiatic  species,  Hycma  striata  sen  vufgaris. 
The  main  cone  is  relatively  lower  than  that  in  H,  croeuta  ;  its  outer 
vertical  contour  ia  more  convex ;  and  this  comparison  I  have  been 
careful  to  make  with  a  specimen  of  the  recent  Cape  species  having 
p  3  worn  in  precisely  the  same  degree  as  the  Chinese  tooth,  viz. 
with  the  apex  of  the  cone  just  abraded  sufficientiy  to  expose  a  speck 
of  dentine.  The  hinder  basal  talon  (fig.  5,  t)  is  laj^er  in  Hycena  si- 
nensis ;  and  a  tubercular  production  abuts  upon  the  hind  ridge  of  the 
main  cone  as  in  Hycena  striata.  The  antero-internal  tubercle  (fig. 
6,  a)  is  relatively  less  than  in  Hycma  striata :  the  ridge  rising  from  it 
toward  the  tip  of  the  main  cone  is  as  prominent  as  in  Hycma  croeuta. 
As  in  that  species,  there  is  no  trace  of  cingulum  along  the  outer  side 
of  the  base  of  the  crown,  which  is  so  well  marked  in  Hyama  striata. 
In  the  main,  the  generic  character  of  this  massive  bone-cracker  is 
closely  held  by  the  Chinese  cave- tooth. 

The  third  upper  premolar  of  Hycma  spelcsa,  like  the  rest  of  the 
dentition,  closely  accords  with  that  in  Hytgna  croeuta ;  consequently 
the  distmctions  above  noted  equally  hold  in  difierentiating  the 
Chinese  p  3  from  that  of  the  Hyaena  from  our  own  caverns. 

I  come  next  to  the  comparison  with  the  fossil  remains  of  Hycma 
from  the  Siwalik  tertiaries,  Hycma  sivaUnsis  of  Baker  and  Duraudf. 
The  third  upper  premolar  is  smaller  in  the  Siwalik  Hyaena  than  in 

*  Hyana  fitsoa,  Bl..  Ost^ographie  (Hyana),  pi.  iii. 

t  Journal  of  the  Asiatic  Society,  October  1835,  vol.  iv.  p.  569.  See  also 
Falconer,  '  Palaontological  Memoirs/  i.  p.  548. 
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HycBna  erociUa,  and  eonsequently  still  Bmaller  than  ia  Eyana  mnmsU. 
The  differenoe  of  sue,  however,  between  H.  nvdUnsis  and  H.  eroeuta 
is  much  leas  than  that  between  H.  erocuta  and  H.  striata;  oonse* 
qnently  the  Biwalik  Hyeena  was  kiger  than  that  now  existing  in 
Hindostan,  although  less  than  that  which  once  roamed  in  China. 
In  the  shape  of  the  chief  oone,  however,  of  p  3,  upper  jaw,  H. 
nvalensis  more  resembles  H,  stnensia  than  it  does  either  of  the  above- 
named  existing  species  of  Htjcena.  I  refer  to  the  character  of  greater 
vertical  convexity  of  the  outer  side  of  the  crown  of  the  chief  cone. 
In  the  posterior  talon  and  the  antintemal  lidge  of  enamel  of  p  3, 
M,  sivalensis  more  closely  conforms  with  the  IT.  erocuta  than  does 
H.  sinensis,  and  departs  from  the  H,  striata  in  a  minor  development 
of  both  posterior  and  anterior  basal  tubercles.  The  external  basal 
cingulum  is  also  wanting  in  H.  sivalensis  as  in  H,  sinensis.  The 
degree  in  which  the  Chinese  Hycena  surpassed  in  size  that  from  the 
Red  Crag  of  Suffolk  will  be  appreciated  by  comparing  fig.  5,  PI. 
XXVIII.,  with  fig.  6  in  pi.  viii.  of  Ray  Lankester's  able  memoir  on 
HyoBna  antiqua,  in  the  *  Annals  and  Magazine  of  Natural  History,' 
third  series,  vol.  xiii. 

Differences  of  like  kind  and  value  are  shown  by  the  second  lower 
premolar  (p  3  of  the  type  series)  of  Hyctna  sinensis ,  as  compared 
with  H,  croctUa,  iT.  striata,  and  H,  sival-ensis.  The  crown  is  broader 
both  antero -posteriorly  and  transversely,  but  is  lower  vertically, 
than  in  ff.  erocuta ;  it  is  consequently  a  stronger  cone :  its  qualities 
for  cracking  and  crushing  bone  are  intensified.  The  ridge  continued 
upward  from  the  anterior  basal  talon  is  stronger  than  in  II.  erocuta ; 
it  is  more  completely  an  upward  production  of  the  talon  itself;  and 
this  is  less  defined  as  an  anterior  tubercle  than  in  H.  striata.  The 
superior  size  of  H.  sinensis  to  H.  sivalensis  is  more  marked  in  the 
comparison  of  the  lower  premolar  than  in  that  of  the  upper  one. 
Besides  the  superiority  of  size,  the  inner  side  of  the  chief  cone  is 
more  convex  vertically  and  transversely,  more  bulging,  in  the  Chinese 
than  in  the  Siwalik  Hycena ;  it  more  resembles,  in  this  particular, 
the  much  smaller  tooth  of  Hyeerut  striata. 

The  two  fangs  in  both  upper  and  lower  premolars  are  deeply 
grooved  along  the  surfaces  turned  towards  each  other;  the  hinder 
fang  is  entire  in  the  specimen  of  the  upper  premolar  from  the  cave 
near  Chung-king-foo. 

The  canine  has  lost  the  apical  half  of  its  crown,  but  closely  accords 
in  form  and  in  its  transversely  lineateback  ridge  with  that  of  Hycena 
erocuta ;  in  size  it  conforms  with  the  premolars  above  described. 


Upper  i»  3. 

Lower  p  3. 

Hytena 
sineneis. 

H.  ero- 
cuta, 

H.  siva- 
lensis. 

H.  sinen- 
sis. 

K  ero- 
cuta. 

H.  siva- 
lensis. 

Antero-posterior 
diameter  

Tertirad  diaxne- 
ter 

linee. 
12 
10 

linee. 
11 
12 

Uxies. 

lOJ 

9 

lines. 
11* 
11 

lines. 
10 
12 

linee. 
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On  the  foregoing  grounds  it  may  be  inferred  tbst  the  Bycena 
which  has  left  its  remains  in  the  Chinese  cave  was  fdlly  as  powerfol 
an  animal  as  the  Hycma  tpelaa  of  Europe.  It  was  of  a  distini^ 
spedes,  and,  like  the  feebler  one  from  the  Bed  Crag,  manifested,  by 
the  development  of  the  tubercle  from  the  hind  part  of  the  basal 
ridge  of  the  third  upper  premolar,  a  tendency  to  a  combination  of 
the  dental  characters  on  which  mainly  modem  tazonomists  have 
rested  in  the  generic  distinction  of  the  two  best-marked  forms  of 
existing  Hyeena  (CroeoUa  macuJUUa,  Xaup,  and  Hycena  striata^ 
Bay  Lankester  has  well  remarked  on  this  instauce  of  *'  divergence 
of  types  as  we  ascend  the  geological  ladder,"  which  his  H.  atUiqua 
afforded.  The  only  question  is,  whether  H.  sinensis  may  not  have 
climbed  to  as  high  a  rung,  before  it  finally  fell,  as  did  the  ff.  spdcea. 
The  specimens  above  described  have  undergone  less  change  from 
their  recent  state  than  have  many  of  the  teeth  of  H.  spekea  from 
British  caves. 

The  fossil  specimens  representing  the  Hycma  sivcHensis^  B.  and  D., 
and  F.  and  C,  are  in  the  museum  of  the  Asiatic  Society  of  Bengal, 
in  that  of  Dr.  Jameson  at  Suharunpoor,  and  in  the  British  Museum. 
Of  the  teeth  of  the  lower  jaw  the  notice  is  restricted  to  the  fact  of 
their  ''  being  larger  than  in  the  existing  EycmaP* ;  but  whether 
the  Indian  or  the  S.  African  species,  is  not  stated.  From  the  above 
admeasurements,  however,  it  is  obvious  that  the  existing  spedes  of 
India  was  meant,  vi2.  the  Hyaena  vtJgaris  seu  striata* 

Bhikoceros  sinensis,  Ow. 

The  genus  Rhinoceros  is  represented  by  portions  of  four  upper 
molars,  and  of  as  many  lower  molars,  in  two  of  which  the  crown  is 
nearly  entire. 

The  most  perfect  of  the  upper  molars  is  the  last  of  the  left  side, 
t»  3  (Fl.  XXIX.  figs.  I  &  2)  including  the  elongated  lobes  c,  d, 
continued  inward  from  the  outer  tract  of  dentine  (here  broken  away), 
together  with  the  dividing  valley,  e.  The  fore  and  rear  sides  of  the 
tooth  converge  outwardly,  and  the  hinder  lobe  has  no  indent  or 
valley  penetrating  it  frt)m  that  side;  both  which  characters  determine 
the  place  of  the  tooth  in  question.  The  postintemal  lobe  or  ridge 
(d)  sends  a  short  broad  simple  promontory  t,  p,  into  the  valleys. 
There  is  no  tubercle  or  ridge  at  the  entry  to  that  valley,  which  runs 
sinuously  outward  and  forward  of  nearly  uniform  depth  to  the  end. 
The  forepart  of  the  cingulum  (r)  descends  from  the  origin  of  the  ant- 
internal  lobe  (c)  to  the  inner  side  of  its  base,  where  it  subsides ;  the 
hind  part  of  the  cingulum  is  represented  by  a  short  thick  lobular 
ridge  (r^)  at  the  inner  and  back  part  of  the  postintemal  lobe,  d. 
The  enamel,  two  millimetres  in  thickness  at  the  fore  part  of  the 
grinding-surface,  thins  off  to  less  than  half  a  miUimetie  over  the 
promontory  and  end  of  the  valley.  In  size  the  molar,  as  far 
as  it  is  preserved,  agrees  with  the  corresponding  tooth  in  Rhinoceros 
sumatranus  ;  the  fore-and-aft  diameter  of  its  inner  side  is  one  inch 
nine  lines. 

*  Falconer,  *  Palieontological  Memoirs/  vol.  i  p.  343. 
t  Hist,  of  Brit.  Foss.  Mamm.  p.  374. 
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The  second  specimen  oonsists  of  a  smaller  proportion  of  the  inner 
part  of  a  penultimate  or  antepenultimate  molar,  with  evidenoe  of 
the  notch  or  yalley  penetrating  from,  the  hinder  side  of  the  crown. 
The  promontory,  running  from  the  postintemal  lohe  into  the  valley 
entering  from  the  inner  side  of  the  crown,  resembles  in  simplicity  of 
form  that  of  the  preceding  tooth.  The  ridge  at  the  back  part  of  the 
base  of  the  postintemal  lobe  ia  likewise  very  thick.  A  small  mam- 
milloid  process  projects  near  the  entry  to  the  valley  e.  The  bases 
of  the  two  inner  fangs  are  preserved. 

A  first  molar  (m  1),  abraded  to  the  base  of  the  crown,  agrees  in. 
sixe  and  in  so  much  of  character  as  is  preserved  with  the  foregoing 
specimens ;  it  exemplifies  that  of  the  valley  e,  inasmuch  as,  although 
the  terminal  bed  is  brought  to  the  level  of  the  grinding-sorface,  it 
is  not  insxdated.     The  outer  side  of  the  tooth  is  broken  away. 

The  outer  enamel-wall  (PL  XXIX.  fig.  3),  with  a  small  portion  of 
adherent  dentine,  of  a  fourth  upper  molar,  not  forming  part  of  any 
of  the  other  three  teeth,  shows  a  strong  vertical  columnar  bulge  (a) 
terminating  at  the  apex  of  the  antextemal  lobe,  as  in  Rhinoceros 
sumatrafMS;  but  it  also  has  a  second,  well  defined,  but  less  prominent, 
vertical  ridge  (6)  rising  to  the  apex  of  the  postextemal  lobe,  the 
two  ridges  dividing  the  outer  lAirface  of  the  crown  into  three  feicets. 
In  Mhinoeeros  gumatranus  this  character  distinguishes  the  pre- 
molars from  the  true  molars;  but  the  second  or  hinder  ridge  of 
the  outer  enamel-wall  is  less  defined  in  that  species;  and  in  the 
present  tooth  the  middle  facet  is  not  uniformly  concave  from 
before  backward,  but  undulates,  through  the  projection,  near  the 
hinder  boundary  ridge,  of  a  lower  longitudinal  rising  of  enameL 
The  apices  of  the  two  outer  lobes  (a,  b)  are  more  prominent  than  in 
BhinoceroB  sumatranus ;  and  the  angular  contour  of  that  border  of 
the  tooth  makes  a  closer  resemblance  than  in  Ehinoceroses  generally 
to  the  outline  of  the  same  part  in  PaUxoiherium. 

The  fossil  upper  molars  of  the  species  of  Bkinoeeros  from  Ava, 
figured  by  Clift*,  are  much  worn ;  but,  as  in  the  Chinese  molar  in 
the  same  condition,  the  closed  and  somewhat  deeper  end  of  the 
valley  {e)  la  not  insulated,  as  it  is  in  all  the  Siwalik  kinds  at  the 
same  stage  of  attrition.  The  Avan  teeth,  however,  indicate  a  larger 
animal  than  the  Chinese  species,  and  are  more  satisfactorily  differen- 
tiated by  the  absence  of  the  second  longitudinal  lidge  (PL  XXIX. 
fig.  3,  h)  on  the  outer  wall  of  enamel. 

From  Ehinocerog  platyrhinus,  Fr.t,  the  Chinese  species  differs, 
both  in  the  contour  of  tiie  outer  wall  of  the  upper  molar,  and  in 
the  simplicity  of  the  promontory.  Prom  JShinoceros  sivaiengis, 
Bh,  stnensis  differs  in  the  contour  of  the  outer  wall,  in  the  thicker 
or  broader  promontory,  and  in  the  more  uniform  dep^  of  the  valley 
(e),  whereby  its  termination  is  not  insulated  as  in  the  specimen  figured 
in  pL  75.  fig.  5  of  the  '  Pauna  Antiqua  Sivalensis.'  The  same 
differences  forbid  a  reference  of  the  Chinese  upper  molars  to  JShino-^ 
eeros  jpdkdndieus ;  and  both  this  and  the  Ehinoceroa  dvalenns  were 

*  Trans.  QeclL  Soa  aeoond  aeriei,  yol.  ii.  pi.  40.  fig.  1. 
t  Fbuna  Antiqua  SiTalensiB,  pi.  72.  fig.  6. 
TOK  XXVI. — ^PABT  I.  2  a 
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speoias  of  larger  size.  The  Cbinese  Bhinoeeros,  in  this  reepeet, 
seemfl  to  have  agreed  with  the  two-homed  kind  of  Smnatra,  hat  to 
haye  had  a  different  pattern  of  upper  molar. 

The  lower  molan  from  the  cave  of  Chnng-king-foo,  of  which 
there  are  parts  of  four,  sufficiently  exemplify  the  generic  modi- 
fication of  BhinoeeroSf  hat  are  too  few  and  too  mach  worn  and 
matilated  for  worthy  evidence  of  specific  distinction.  I  helieve 
myself  justified,  £rom  the  characters  of  the  upper  molars,  and  the 
results  of  the  comparisons  ahove  detailed,  in  indicating  the  Chinese 
Bhinoceros  as  Bh,  nnensis,  Ow.  The  enamel  is,  in  most  parts, 
smooth  and  not  thick;  it  retains  the  natural  colour ;  and  the  dentine, 
of  chalky  whiteness,  is  absorhent  from  loss  of  the  solahle  oonstitaent, 
and  not  otherwise  altered^ 

The  main  characteristics  of  the  upper  molars  of  this  extinct  species 
are  evenness  of  depth  of  the  main  valley,  its  encroaching  promon- 
tory thick  and  simple,  unusually  good  indications  on  the  outer 
enamel-wall  of  the  two  lobes  (a,  h)  composing  the  thick  oonUnuons 
outer  tract  of  dentine  which  is  the  characteristio  of  the  preeent 
genus  of  Perissodactyle. 

Considering  remoteness  of  position,  and  the  evidenoe  pointing  to 
still  greater  remoteness  in  geological  time  between  the  present  and 
other  known  fossil  Asiatic  Ehinoceroses,  I  should  have  heen  more 
surprised  to  find  identity  of  species,  than  to  detect  the  indications 
of  diversify  which  have  ahove  been  noted. 

Tapibus  snrBNsis,  Ow. 

To  the  genus  of  Tapir  are  referable  three  molars  of  the  upper, 
and  four  of  the  lower  jaw.  They  resemble  the  other  fossils  from 
the  Chinese  cavern  in  colour  and  chemical  composition ;  the  dentine 
and  portions  of  jawbone  adherent  to  the  fangs  of  the  teeth  are  blanched 
and  absorbent  from  loss  of  animal  matter,  but  not  nuneralized. 

Of  the  existing  species  of  Tapvnu  these  teeth  most  resemble  those 
of  the  Sumatran  kind  {T.  nuda^anus,  Raffles,  T.  indious,  Cuv.).  In 
the  upper  molar  series  there  are  modifications  of  gnnding-surfeioe 
which  help  to  define  the  position  in  that  series  of  such  detached 
teeth. 

The  tooth,  PI.  XXYIII.  fig.  8,  resembles  the  third  or  the  fourth  pre- 
molar in  the  degree  of  equalify  of  the  rear  (6,  d)  with  the  front 
(a,  c)  half  of  the  crown,  and  in  the  smaller  proportion  of  the 
antextemal  tubercle  (r)  of  the  cingolum;  it  more  resembles  the 
third  premolar  in  the  extension  of  the  cingulum  at  the  rear  of  the 
crown  (r)  to  the  inner  end  of  the  base  of  the  postintemal  lobe  (d), 
such  rear  portion  of  the  cingulum  not  being  bent  up  to  the  apex  of 
that  ridge  as  in  the  last  premolar  and  in  the  true  molars  of  Tapirus 
indicus. 

Compared  with  the  tooth  of  the  Sumatran  species,  with  which 
it  is  homologous,  this  penultimate  premolar  of  the  Chinese  Tapir  is 
larger,  and  has  a  proportionally  greater  transverse  diameter,  or  from 
without  inwards;  it  is  still  ledger  than  in  the  European  fDSsil 
species. 
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IHmeoflioitiQf  j»3m  HtprtupHmuB,  T.9mmti$.  T,  mtdtg/mw, 

in.    lixMM.  in.    ]ii»m,  in.    linni 

Gresteit  tmtfrene  diameter  0      11^  13  11 

Anteio-postarior diameter...    0      10|  10  0      11 

Among  minor  differenoes  may  be  noted  a  better  development  in 
the  Chinese  tooth  of  the  inner  Steneion  of  the  hind  part  of  the 
cingolom  (r'),  and  a  ridged  production  of  opposite  sides  of  the  con- 
tigaonfi  bases  of  the  two  elongate  compressed  conical  lobes  (c,  d)  at 
their  inner  ends,  meeting,  as  it  were,  to  dose  the  inner  entry  to  their 
dividing  valley,  e. 

Compared  with  TapiruspriicuSy  from  the  Eppelsheim  miocene,  the 
Chinese  tooth  is  still  larger  than  it  is  in  comparison  with  the  Soma* 
tran  species,  and  its  transverse  extension  of  crown  is  greater ;  the 
degree  is  given  in  the  above  admeasurements*.  The  fangs  are 
broken  away  from  this  premolar ;  and  in  the  hollow  of  the  post- 
external  root  were  crystals,  determined  by  my  friend  and  colleague. 
Professor  Maskelyne,  to  be  calcite  in  complete  scalenohedia,  a 
form  or  condition  of  carbonate  of  lime  commonly  met  with  in  lime- 
stone caves.  This  was  satiafiictory  in  the  d^;ree  in  which  it  was 
oonfinnatory  of  the  statement  that  the  fossils  were  horn  a  cave. 

The  next  molar,  in  the  degree  of  transverse  contraction  of  the 
hinder  half  of  the  crown,  answers  to  the  penultimate  molar,  m  2 ;  it 
is  from  the  left  side ;  the  pulp-cavity,  exposed  by  the  breaking  away 
of  the  fang,  is  partially  filled  with  a  red^h  earth. 


DimenBioiiBofM2in Tapinapriseus, 

in.    finee. 

r.  rinensis, 
in.    lines. 

in.    Unee. 

Tnneverse  diameter 1        0 

1        3 

1        2 

Antoro-poetorior  diameter...    0      10 

1        2 

1        0 

The  part  of  the  cbgolum  continued  inward  from  that  which 
bends  up  the  back  part  of  the  rear  ridge  is  better  developed  in 
Tapirus  nnensi$  than  in  Tapirus  malayanus, 
^  The  third  upper  molar  (PL  XXVIII.  fig.  9)  is  the  last  of  the  right 
nde,  and  repeats  the  diiferential  characters,  as  to  size,  of  the  two  pre- 
ceding molars,  as  compared  with  Tapirus  malayanus  and  T,  priscus. 
The  antextemal  root  is  preserved,  part  of  the  postextemal  one,  and 
the  base  of  the  confluent  pair  supporting  the  inner  side  of  the  crown 
(c,  d);  in  the  cavity  of  the  fang,  exposed  by  fracture,  were  also 
crystals  of  calcite.  The  divergence  of  the  outer  and  inner  fangs 
carries  the  transverse  breadth  of  that  part  of  the  tooth  much  beyond 
the  same  diameter  of  the  crown. 

In  the  left  lower  penultimate  premolar,  jp  3  (PI.  XXIX.  fig.  6),  be- 
sides a  difference  of  size  as  compared  with  its  homologue  in  Tapirus 
malayanus,  there  is  a  marked  superiority  of  development  of  the 
ridge  (t),  continued  from  the  outer  angle  of  the  anterior  lobes  (a)  for- 
ward and  inward,  circumscribing  a  cavity  in  front  of  that  lobe, — ^also 
in  the  height  of  the  corresponding  ridge  from  the  outer  angle  of  the 

•  It  may  also  be  esKmsted  hj  comparing  fig.  8,  PL  XXVIH.  with  fig.  9,  p.  231, 
*  Qnarterly  Joonial  of  the  Geoloeioal  Society/  yoL  xii.  1856,  "  Upper  molar  of 
TamruspHacm,  from  the  Crag  of  Snflblk." 
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posterior  lobe  (5),  which  extends  forward  to  abut  upon  the  back  paii 
of  the  anterior  lobe.  These  differences  repeat  characteristioB  seen 
in  the  anterior  lower  premolar,  p  2,  of  Tapirut  mdlayanut}  but  the 
transyerae  development  of  the  anterior  lobe  in  the  present  specimen 
shows  it  to  be  the  succeeding  premolar^  p  3 ;  and  there  is  an  abraded 
spot  on  the  enamel  of  the  fore  part  of  the  crown,  proving  it  to  have 
been  preceded  by  another  tooth,  vis.  that  which  answers  to  jp  2 
in  the  type  series,  but  which  is  the  foremost  of  the  lower  grinders 
in  all  Tapirs. 

The  first  lower  molar, ml, right  side,  of  Tapirus  smenm (FLXXIX. 
fig.  5)  exceeds  its  homologue  in  T,  mcdayanus  by  one  line  in  bol^ 
transverse  and  fore-and-a^  diameters  of  the  crown ;  the  enamel  is 
thicker,  but  the  characters  of  the  accessory  ridges  are  less  marked 
than  in  p  3.  If  the  figare  of  the  Chinese  lower  molar  be  compared 
with  that  of  the  lower  molar  of  Tapirua  priseus  tram  the  Bed  Crag 
of  Sutton  (Quarterly  Journal  of  the  Geol.  Soc.  vol.  xiii.  p.  233, 
figs.  8  a,  8  h),  the  difference  of  dimensions  will  be  appreciated. 
The  second  lower  molar,  m  2,  left  side,  repeats  the  d^erential 
characters  of  the  foregoing  as  compared  with  its  homologue  in 
Tapirus  malayanus.  The  posterior  feng  of  this  tooth  is  preserved 
to  a  length  of  one  inch  seven  lines ;  its  anterior  surfiEice  shows  the 
deep  longitudinal,  almost  angular,  channel  which  traverses  that 
part,  the  hind  sur&ce  of  the  fang  being  almost  flat  There  are 
fragments  of  another  right  lower  molar  of  the  same  species  of 
Tapirtis,  which,  on  the  grounds  above  stated,  I  may  be  justified  in 
defining  as  Tapirus  sinensis.  The  differences  observable  in  the 
molars  of  the  American  species  of  Tapir  being  greater  and  more 
numerous  than  those  noticed  in  the  Sumatran  species  as  compared 
with  the  Chinese  specimens,  I  have  not  spent  time  in  their  specifi- 
cation. 

Eemains  of  Tapirtts  appear  not  to  have  been  met  with  in  the 
Indian  tertiaries.  In  Europe  they  have  been  found  in  the  miooene 
of  the  Bourbonnais,  and  the  pliocene  of  Auvergne,  in  the  Eppels- 
heim  miocene,  and  in  the  Bed  Crag  at  Woodbri^  and  Sutton.  The 
Crag  Tapir,  like  the  Crag  HyaBua,  was  much  smaller  than  the 
Chinese  species. 

Mr.  Swinhoe  has  been  so  good  as  to  send  me  a  copy  of  a  figm« 
of  a  quadruped  called  the  "  White- encircled  Mob,"  from  the  old 
Chinese  dictionary  of  Urh-ya,  which  dates  from  the  commencement 
of  the  Christian  era.  This  figure  combines  the  head  of  an  elephant, 
with  its  large  pendent  ears  and  long  proboscis,  widi  the  trunk  of  a 
Tapir,  the  mane  and  bushy  tail  of  a  horse,  and  pentadactyle  hind  feet. 
It  is  worthy  of  a  passing  notice,  however,  because  the  trunk  shows 
the  diversity  and  arrangement  of  contrasted  colours  which  are  pecu- 
liar to  the  Malayan  and  Sumatran  Tapirs.  It  may  also  be  remarked 
that  the  Tapir  has  a  mid  tract  of  erect  stiff  hairs  along  the  upper  sur- 
face of  the  neck,  exemplifying  a  certain  correspondence  with  Ae  one- 
hoofed  perissodactyles,  and  it  has  a  rudimcntal  proboscis.  Opinions, 
of  course,  will  vary  as  to  the  source  of  the  figure  of  the  "  white- 
encircled"  proboscidian  and  maned  quadruped  in  the  old  Chinese 
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work,  yiz.  whether  from  a  Tapir  which  oontiimed  to  exist  in  China 
to  witiun  the  historie  period,  or  from  figures  and  descriptions^  hronght 
home  hy  some  Chinese  voyager,  of  the  spedes  now  existing  in  the 
Halaocan  promontory  and  in  Sumatra. 

Mr.  Swuihoe  writes  to  me  that  the  Tapir  '<  has  long  since  ceased 
to  be  an  animal  known  to  the  Chinese,  and  has  given  rise  to  many 
fables,  which  are  repeated  in  Chinese  dictLonaries,  and  in  the  great 
Chinese  Herbal, '  Pim-tsao-£ang.'" 

It  is  satisfactory,  therefore,  to  have  acquired  indisputable  evidence 
that  a  Tapir,  nearly  aUied  to,  but  larger  than  the  Sumatran  kind, 
has  existed  in  China,  and  has  left  its  remains  in  conditions  of  pre- 
servation and  entombment  corresponding  with  those  of  large  spekean 
mammals,  some  of  which  were  the  latest  to  die  out,  and  others  still 
exist,  in  Europe. 

It  also  adds  to  the  illustration  afforded  by  the  existing  Malaccan 
Tapirs  of  the  original  tract  of  dry  land  from  which  the  lialaccan 
peninsula  is  nearly,  and  Sumatra  quite  insulated. 

Chaucothebitjic  sinxnse,  Ow. 

The  last  specimen  from  Mr.  Swinhoe's  Chinese  spelaean  teeth, 
that  will  be  noticed  in  the  present  paper,  is  an  upper  molar  of  the 
right  side,  the  last  of  the  series,  m  3  (PL  XXIX.  figs.  7, 8,  9  &  10), 
with  the  pattern  of  grinding-surface  of  that  genus  of  Anoplotherioid 
from  the  Eppelsheim  miocene  which  Xaup  distinguished  and  named 
CTtalieotTierium*, 

In  the  upper  true  molars  of  this  genus  the  crown  has  an  outer  and 
an  inner  division ;  the  outer  one  presents  an  anterior  (a)  and  a  pos- 
terior (h)  lobe,  the  former  the  larger ;  both  are  hollowed  externally 
(/,  /'),  with  a  thick  convex  dividing  bulge  (n),  the  indent  (/)  being 
bounded  by  a  similar  convexity  (o)  anteriorly. 

The  coronal  projection  of  each  lobe  is  angular  (fig.  7,  a  6),  and 
inclines  to  the  apex  inwardly,  as  in  Anophiherium,  fig.  11.  The  outer 
surface  of  the  hind  lobe  (f)  looks  obliquely  backward  and  outward, 
and  is  turned  most  backward  in  the  last  molar  (as  in  fig.  7),  and  to 
a  greater  degree  than  in  Anoplotherium.  The  inner  division  of  the 
crown  consists  of  the  postintemal  lobe  (d)  and  the  mammilloid  cone 
(m)— an  antintemal  lobe  not  being  marked  off,  as  in  PahplotTierium 
and  Anaphtherium  (fig.  11,  c),  by  the  extension  of  the  fissure  (Z)  from 
the  fossa  (A).  The  valley  e  (PL  XXIX.  fig.  7)  is  wide  and  deep,  and 
is  joined  at  the  fossa  (A)  by  the  valley  ky  which  is  of  similar  size ; 
the  entry  to  each  valley  is  partially  bounded  by  a  development  (r,  r) 
of  the  dngulum,  or  basal  ridge.  The  postintemal  lobe  (d)  is 
marked  off,  as  usual,  by  an  indent  or  valley  from  6. 

The  dngulum  may  be  traced  from  the  low  ridge  along  the  fore  side 
of  the  base  of  a  to  its  thicker  portion  (r)  at  the  entry  of  the  valley, 
Jb,  whence  it  is  continued  more  feebly  aloug  the  inner  side  of  the 
baae  of  m  to  join  the  ridge  at  the  entry  of  the  valley  e :  it  thence 
extends  just  recognizably  along  the  inner  side  of  d,  where  it  subsides. 

The  cingulum  reappears  along  the  rear  of  the  base  of  the  lobe  b, 
*  Onemcns  foesiles  de  Dannstadt:  obL  foL  1833. 
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i&d  kiB  oonipioaonsly  along  the  oataide  of  the  bMO  of  the  lobe  €u 
The  middle  of  the  outer  ooncaTity  of  this  lobe  ahows  a  narrow  yertieal 
lidge  of  the  enamel,  ending  a  little  behind  the  apex  of  the  lobe. 

Ll  the  anterior  view  of  the  oroim  ^fig.  9)  the  oonyexity  of  the 
prominenoe  (o)  in  the  vertical  direction  le  ahown,  and  the  degree  of 
inflection  of  the  oater  sorfEu^e  inward  to  form  the  apex  (a')  of  the 
Y-shaped  Bommit  of  the  antextemal  lobe ;  the  cone  (m)  simnlates  in 
this  view  an  antintemal  lobe.  The  absence  of  this  lobe  is  character-* 
islic  of  CfhalieotheriMm ;  I  do  not  regard  the  part  of  the  dngolnm  (r) 
as  its  radiment,  because  it  is  present  in  the  premolars  as  well  as  in 
the  molars,  and  it  coexiBts  with  the  true  representative  of  the  antin- 
temal lobe  (e\  in  both  Paloplotherium  and  Anoploiherium  (fig.  11,  r). 

The  posterior  view.of  the  crown  (PL  XXIX.  fig.  8.),in  like  manner, 
gives  the  vertical  curve  of  the  dividing  bulge,  and  shows  the  prox- 
imity to  the  inner  side  of  the  tooth  of  the  apex  of  the  lobe  h ;  the 
second  or  postintemal  lobe  forms  the  cone  d.  The  inner  side  of  the 
tooth  (ib.  fig.  10),  formed  by  the  cone  m,  and  the  postintemal  lobe 
(d),  with  the  uniting  dng^um  (r),  is  much  narrower  than  the  outer 
side ;  and  the  inner  division  shows  consequently  a  confluence  of  its 
roots  (i).  This  molar  was  implanted  by  two  thick  and  strong  outer 
roots,  and  by  one  laiger  inner  root,  composed,  as  indicated  by  the 
inner  and  outer  longitudinal  impressions,  of  two  confluent  fEmgs. 

With  the  aid  of  the  pocket-lens  the  fine  transverse  striie  of  the 
enamel  appear,  and  best  beyond  the  cingulum.  The  radical  cement 
is  rough  and  thick.  The  dentine  is  blanched,  not  petrified,  but  has 
lost  gelatine,  and  sticks  like  chalk  to  the  tongue,  as  in  Uie  other 
cave-fossib. 

The  reader  comparing  fig.  7,  PL  XXIX.,  with  m  3,  fig.  36,  pi.  80, 
of  the  *  Pauna  Antiqua  Sivalensis,'  foL,  or  with  figs.  6  and  6,  a,  pi. 
7,  of  Xaup's  'Ossemens  Fossilee  de  Darmstadt,'  oblong  foL,  and 
with  the  excellent  figure  of  the  upper  molar,  apparently  m  3  of 
Chalicotherium  OoldfuaH,  in  Bronn's  <  Lethea  Qeognostita,'  atlas, 
foL  taf.  xlvi.  fig  2,  a,  may  appreciate  the  grounds  for  indicating  the 
Chinese  Anoplotherioid  as  Ohalicaiherium  tintnse. 

The  last  molar  of  Chalicdiherium  Hnense  is  less  than  th&t  of  CK 
Ooldfuasi,  Kp.,  and  two  lines  larger  in  all  the  dimensions  given  at 
p.  431,  than  is  that  tooth  in  Ch.  sivalense,  Fr.  Compared  with  this, 
the  outer  bulge  (o)  of  the  antextemal  lobe  is  thicker,  more  oonvex 
Vertically,  and  more  produced  outwardly.  The  outer  concavity  of 
the  postextemal  lobe  (/'),  which  in  m  3  becomes  ahnoet  backvrard 
in  aspect,  is  less  deep  in  Ch,  sintnu ;  it  is  angularly  indented  in 
Ch,  fivaimee.  The  basal  ridge  (r)  between  the  two  inner  lobes  and 
that  anterior  to  the  base  of  the  mammilloid  lobe  (m),  are  relatively 
less  developed  in  Ch,  tinense.  The  Anoplotherioid  character  of  this 
lobe,  as  a  large,  rather  low  cone,  is  weU  marked.  Its  summit  and 
the  angular  margin  of  the  antextemal  lobe  are  worn  to  the  dentine, 
the  exposed  tract  in  the  latter  being  from  one  to  two  lines  in  breadth. 
The  enamel  of  the  anterior  part  of  the  ridge  of  the  postextemal  and 
postintemal  lobes  is  abraded,  and  the  dentine  beneath,  at  the  fore 
part  of  these  lobes,  is  partially  exposed.     The  anterior  part  of  the 
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inteiTal  between  the  poBtextemal  (h)  and  the  postmternal  (d)  lobes 
is  not  dosed  by  a  ridge  desoending  from  the  Bnmmit  of  the  poet- 
external  lobe  as  .in  ChaUeatherium  swaUnM*:  nor  does  the  inner 
side  of  the  antextemal  lobe  terminate  in  so  ridge-like  a  way  as  in 
Ch,  swalenae ;  it  is  more  roanded.  l^e  inner  side  of  the  postintemal 
lobe  (d)  is  rounded  in  CKdnense,  not  angular  as  in  G%.  8ivalen$€f. 
The  following  are  admeasorements  of  the  last  molar  (m  3')  of  the 
two  species  of  Chalieoiherium, 


Upper  MoHar^ 

u               inner  ride  

IVwuinrene  diametar  of  fore  mde     

(7.  «UMflM. 

in.     lines. 
1        74 
1        2i 
1        8 
1        6i 

in.     linee. 
1        4 
1        0* 
1        6 
1        Si 

near  ride    

Falconer  observes  of  the  molars  of  Chalicolherwn  sivalense,  "  their 
width  is  greater  than  their  length ''  (torn.  cU.  p.  192) ;  but  the  di- 
rection of  these  dimensions  is  not  defined.  In  Chalicotherium  sinenss^ 
as  in  Ch.  givalenge,  the  diameter  from  without  inwards  equals  that 
from  before  backwards.  In  speaking  of  the  length  of  a  tooth,  one 
ordinarily  means  the  extent  to  which  the  crown  projects  firom  the 
socket ;  and  this  is  commonly  the  '*  vertical  diameter  "  of  the  crown. 
In  this  sense  the  length  of  the  molars  of  Chalicotherium  is  much  less 
than  their  breadth,  whether  transverse  or  antero-posterior.  But, 
then,  this  inferiority  of  length  does  not  differentiate  the  molars  of 
Chalicotherium  from  those  of  Anoplotherium,  The  length  of  the 
entire  tooth  in  both  genera,  which  includes  the  implanted  part,  is 
greater  than  any  other  diameter  or  dimension.  The  difference  in 
the  mineaal  condition  of  this  Chinese  cave-tooth  and  the  fossil 
teeth  of  the  same  genus  from  the  upper  Miocene  of  France,  Germany, 
and  India  is  very  striking  and  suggestive. 

The  older  Chalicotherian  mol^,  recognized  by  Kaup  and  Lartet, 
are  truly  petrified  fossils.  Those  also  from  the  Siwalik  sands  are 
in  this  state ;  but  Falconer  remarks  that,  when  clay  is  the  matrix, 
the  bones,  and,  we  may  presume,  the  dentine  of  the  teeth,  remain 
white,  and,  except  in  being  deprived  more  or  less  completely  of 
their  animal  matter,  they  have  undergone  little  alteration  (torn,  cit, 

*  This  fltracture  is  notioed  by  the  careful  and  minute  obsenrer  Falconer,  aa 
followa : — "  The  apex  of  the  posterior  reentering  angle  gives  off  a  like  trans- 
verse ridge,  which  sweeps  round  into  the  posterior  ride."  (Palseontologioal  Me- 
moirs, 8to,  yoL  i  p.  1^). 

t  The  differential  structure  in  Chalicotherium  sivalente  is  noticed  as  follows, 
in  the  same  useful  and  instructiye  summair  of  his  scientific  thoughts  and 
works : — "  This  is  the  *  transverse  ridge,'  which  is  much  inclined  downwards 
and  joins  on  with  the  isolated  oonical  cusp  (a,  a',  of')  in  the  anterior  and  inner 
comer  of  the  tooth,  a  cusp  diaraoteristio  of  Anoplotherium,**  (Falconer,  PaUson- 
tological  Memoirs,  vol.  i.  p.  192.)  I  may,  however,  remark  that  the  oonioal  eusp 
is  equally  characteristic  ot  Paloplotherium,  and,  though  of  smaller  siae,  of  i%- 
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p.  190).  The  GhLalicotherian  fossils  are  said  to  be  in  tliis  latter 
state  ;  but  both  bone  and  dentine  of  the  original  specimens  in  the 
British  Museum  are  more  mineralized  and  discoloured  by  the  matrix 
than  is  the  tooth  from  China  here  described. 

The  correspondence,  in  colour,  chemical  condition,  matrix,  and 
cayemous  locality,  of  the  tooth  of  Chdlicoiherium  sinense  with  those 
of  Bovine  and  other  Buminants,  of  Hpena,  Bhinooeros,  and  Tapir, 
which  are  alleged,  and  with  every  appearance  of  truth,  to  be 
from  the  same  cave,  supports  the  inference  of  a  correspondenoe  of 
geological  age  in  reganl  to  the  introduction  therein  of  the  indi- 
viduals of  those  genera  and  families  which  have  yielded  the  remains 
now  described.  If  the  Anoplotherioid  molar  had  not  been  in  the 
series,  such  series  would  have  been  referred,  without  hesitation,  to 
a  geolc^cal  period  not  older  than  Upper  Pliocene,  and  with  a  pos- 
sibility of  Postpliocene  age. 

I  accept  the  evidence  of  the  majority  of  the  fossils,  with  the  older 
alternative,  and  conclude  that  this  particidar  anoplotheriqid  Artiodao- 
tyle  which  has  departed  from  the  generalized  character  of  the  type- 
genus  by  the  suppression  of  a  premolar  on  each  side  of  both  jaws, 
and  the  commencement  of  a  diastema  or  break  in  the  dental  series, 
continued  to  exist  in  China  until  the  pliocene  division  of  tertiary 
time,  perhaps  to  a  late  period  of  that  division. 

I  may  remark  that  the  Chalicotherian  modification  has  not  hitherto 
been  found  in  older  tertiary  deposits  than  mioccne.  It  indicates 
the  course  or  characters  of  derivative  change  in  the  Artiodactyle 
series,  in  a  manner  interestingly  analogous  to  that  shown  by  Anckp- 
therium  and  Acerotherium  in  the  Perissodactyle  series. 

In  both  great  primary  groups  of  hoofed  Mammals  this  change  is 
manifested,  in  the  dental  system,  by  arrest  of  development  at  the 
fore  part  of  the  series,  especially  in  the  upper  jaw.  When  no  teeth 
there  arrive  at  fall  growth,  the  offensive  and  defensive  weapons 
called  horns  usually  make  their  appearance ;  median  and  odd  in  the 
Perissodactyle  Bhinoceros,  in  a  pair  or  pairs  in  the  Artiodactyle 
ruminants,  with  weU-known  exceptions,  not,  however,  affecting  a 
statement  of  general  tendency.  Chdlicotherium,  in  the  diminished  size 
of  the  premolars,  in  the  transverse  disposition  of  the  incisive  alveoli  of 
the  mandible  (traces  of  which  are  visible  in  the  original  of  the  figure  1, 
pi.  80,  of  the  ^  Fauna  Antiqua  Sivalensis  '*),  and  in  the  contiguous 
small  canines,  makes  a  close  step  to  the  Buminant  dentition,  as  it  does 

8—3  g    3 

also  in  the  molar  formula,  jp  3=^,  m  ^z^,  and  in  the  diastema  between 
these  and  the  fore  teeth.  Upper  canines  as  well  as  incisors  failed, 
as  in  most  Buminants,  to  attain  development.  This  view  of  Chali- 
cotherian modifications  in  the  Artiodactyle  series  may  not  meet  with 
general  acceptance ;  but  I  think  it  is  preferable  to  the  notion  of 
Chalicotheriwn  having  been  a  kind  of  cross  between  Anophiherivtim 
and  JShinoceros.f 

*  Oriffinally  in  the  Dadoopoor  Colleddon  of  Messrs.  Baker  and  Dunnd,  and 
now  in  the  Museum  of  the  Marischal  College,  Aberdeen. 
t  Eslooner  oharaoterixes  the  Chaliootheriwm  mvahnse  as  '*  one  of  the  most 
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The  extent  of  the  range  of  the  species  of  Chalicoiherivm  oyer  the 
great  division  of  dry  land  to  which  that  form  seems  to  have  heen 
restricted,  was  considerable,  viz.  from  France  to  China.  In  tracing 
it  in  this  direction,  the  species  appear  to  have  lived  on  nearer  to  the 
present  period  as  they  were  located  eastward. 

At  Sansan,  as  at  Eppelsheim,  the  remains  of  Chalkotherium  have 
become  petrified  in  beds  of  miocene  age,  now  covered  by  later  ter- 
tiaries.  In  the  caverns  of  Greece  (Pikermi  &c.)  they  are  asso- 
ciated with  Upper  Miocene  and  Old  Pliocene  forms.  In  the  teeth 
from  the  Siwalik  deposits,  although  the  Chalicotherian  dentine,  in  . 
some  degree,  and  as  contrasted  with  that  of  the  sandstone  fossils  of 
the  same  locality,  may  come  into  the  category  of  the  ^'soft  fossils,"  yet 
they  are  far  from  presenting  the  appearance  and  evidence  of  compa- 
ratively recent  unchangedness  which  characterizes  the  dentine  of 
the  teeth  from  the  Sy-chnen  cave. 

Land  at  the  eastern  limits  of  the  great  Europseo-Asiatic  tract, 
and  now  forming  China,  may  have  been  exempt,  or  much  longer 
exempt  (since  it  became  fit  to  be  trod  by  tapirs  and  anoplotherioids) 
from  those  alternate  elevations  and  depressions  which  have  destroyed, 
have  modified,  or  have  covered  with  deposits  of  Pliocene  and  Post- 
pliocene  age  the  western  Miocene  land  *. 

DESCRIPTION  OF  THE  PLATES. 
Plate  XXVII. 

Siegodon  sinensis. 
Pig.  1.  Second  upper  molar,  d  3,  grinding-surface, 

2.  „  „  outer  side  yiew. 

3.  n  it  inner  side  yievr. 

Platb  xxvin. 

Stegodon  orientalise 
Pig.  1.  Portion  of  true  molar,  grinding-surface. 

2.  „  .,  side  view. 

3.  Hind  end  of  milk-molar,  d  3,  grinding-surface. 

4.  „  „  side  view. 

Hyema  sinensis. 
Fig.  6.  Third  upper  premolar,  right,  ^3,  front  view. 

6.  „  „  »  outer  side  view. 

7.  Second  lower  premolar,  p  3,  outer  side  view. 

Tapirus  sinensis. 
Fig.  8.  Third  upper  premolar,  ^  3,  grinding-surface. 
9.  Last  upper  molar,  m  3,  „  „ 

remarkable  aberrant  Pachyderms  that  have  yet  been  met  with,  closely  allied  to 
Anophikerivm,  bat  showing  a  return  from  the  ruBjinant  tendencies  of  the  Cuvie> 
rian  species  back  to  a  more  pachydermatous  type,  and  a  closer  affinity  with  Rhi- 
noceros, between  which  and  A.  commune  it  may  ultimately  prove  to  be  an  inter- 
mediate form:' ^Talaentelogieal  Memoirs,  voL  i.  p.  22,  and  p.  195. 

*  Other  foasils  were  obtained  by  Mr.  Swinhoe  from  a  vendor  of  drugs  at 
Shanghai,  such  fossils  beinc  collef  ted  and  sold  as  articles  of  the  Chinese  Materia 
Medica.  An  esteemed  medical  friend  has  referred  me  to  an  old  work  showing 
that  foenk  were  colleeled  iD  Europe  for  the  same  purpcae  in  the  mid^Oe  ages. 
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Plate  XXIX. 

Skinoceros  stnetuis. 

1.  Lut  apper  molar,  m  3,  grinding<«iirfaoe. 

2.  „  „  inner  side  Tieir. 

3.  Upper  molar,  outer  enamel-wall. 

Tapirus  smenns. 

4.  Second  lower  molar,  m  2,  outer  side  view. 
4a.  „  „  grinding-surfaoe. 

5.  First  lower  molar,  m  1,  grinding-surfaoe. 

6.  Second  lower  premolar,  p  3,  grinding-surface. 

*  Chalicotherium  sinente. 

7.  Last  upper  molar,  m  3,  grinding-surfaoe. 

8.  „  „  rear  Tiew. 

9.  „  „  front  view. 

10.  „  „  inner  side  yiew. 

Anoplotherium  commune^  Cut. 

11.  Upper  true  molar,  from  a  Montmartre  specimen  in  the  British 

Museum. 

Discussion. 

The  Chaibmait  called  attention  to  the  remarkable  association  of 
forms  among  the  fossils  described  by  Prof.  Owen. 

Prof.  Busk  remarked  that  the  materials  at  command  seemed  to 
him  insufficient  for  the  establishment  of  new  species.  He  observed 
that  the  distinctive  characters  of  Stegodon  sineii9iit  appeared  to  be 
very  slight,  and  that  the  Hycma  might  just  as  probably  be  ff. 
gpelaa.  The  tooth  of  Mkinoceros  might  be  a  milk-molar  of  JR.  guma- 
tranus  or  R.  9ondaieus. 

Mr.  BoTD  Dawxl^s  suggested  that,  as  the  specimens  were  obtained 
from  apothecaries,  there  was  no  evidence  of  the  contemporaneity  of 
the  fossils. 

Mr.  H.  WooDWARB  stated  that  Mr.  Swinhoe  bad  himself  obtained 
a  series  of  these  fossils  from  a  cave  many  miles  inland — ^he  believed, 
on  the  course  of  the  Yang-tse-kiang.  Mr.  Woodward  also  called 
attention  to  Mr.  Hanbury's  paper  on  Chinese  Materia  Medica,  in 
which  many  fossil  teeth  of  mammalia  are. noticed. 

Prof.  Owen,  in  reply,  stated  that  great  quantities  of  tbe  fossils 
had  passed  through  his  hands,  and  that  he  had  selected  for  descrip- 
tion those  which,  from  their  minute  agreement  in  chemical  and 
other  characters,  might  justly  be  inferred  to  be  of  the  same  age,  and 
to  be  derived  from  the  cave  mentioned  by  Mr.  Swinhoe. 


3.  Further  discovery  of  the  Fossil  Elephants  of  Malta. 

By  Dr.  A.  A.  Garvana. 

[Communicated  by  Br.  A  Leith  Adams,  F.G.S.] 

(Abstract) 

The  author  described  the  discovery  of  some  fossil  bones  in  a  fissure 

at  Is-Shantiin,  at  the  entrance  of  the  quarry  of  Micabibba,  on  the 

24th  of  January  of  the  present  year. 

The  fissure  in  which  the  bones  were  found  was  an  expansion  of  a 
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narrow  yertical  rent,  yarying  in  width  itom  3  to  5  inches,  and 
filled,  as  usnal,  with  red  earth  and  fragments  of  stone,  which  may  he 
traced  from  the  surface  of  the  rock,  traverses  the  sandstone  quarry 
for  a  distance  of  60  feet,  aud  runs  on,  constantly  increasing  in  depth, 
towards  the  south-south-west,  in  the  direction  of  the  Gandia  fissure, 
with  which  it  probahly  unites  at  a  distance  of  less  than  a  quarter  of 
a  mile.  The  expanded  portion  of  the  fissure  in  which  the  bones 
were  found  was  in  the  shape  of  half  a  barrel  cut  through  the  fiat 
ends;  and  it  measured  from  2  to  3  feet  in  width,  10  feet  in  length, 
and  a  little  more  than  6  feet  in  depth.  It  was  covered  by  a  large 
block  of  sandstone.  The  sides  of  the  fissure  were,  as  usual,  perfectly 
smooth.     It  had  no  stalagmitic  floor. 

The  fissure  was  filled  with  a  compact  deposit  of  red  earth,  with 
fragments  of  limestone,  containing  throughout  teeth  and  fragments 
of  bones  of  fossil  elephants,  associated  with  bones  of  large  birds, 
as  in  the  Gandia  fissure;  but  no  shells  were  observed*  A  tooth, 
which  the  author  supposed  to  be  that  of  a  Hippopotamus,  was  also 
obtained*.     The  author  also  met  with  three  small  fish^ teeth. 

The  remains  of  Elephants  obtained  from  this  fissure  consist  chiefiy 
of  fragments  of  the  long  bones.  Several  of  the  Elephants'  teeth 
were  entire,  and  they  were  generally  rather  better  preserved  than 
those  discovered  in  the  Gandia  fissure.  A  fragment  of  .a  tusk, 
21  inches  in  length,  was  obtained ;  the  greatest  circumference  of 
this  was  17  inches,  or  2  inches  more  than  the  specimen  found  by  Dr. 
A.  Leith  Adams  at  Tal-Maghlak. 

This  fissure  at  Is-Shantiin  is  said  by  the  author  to  raise  the 
number  of  localities  in  Malta  in  which  Elephant-remains  have  been 
found  in  abundance  to  five,  namely : — the  cave  at  Casal  Zebbug,  dis- 
covered in  1859  by  Capt,  Spratt ;  two  caves  at  Tal-Maghlak,  in 
Casal  Krendi,  discovered  by  Dr.  A.  Leith  Adams  in  1861 ;  the  Gandia 
fissure,  within  the  limits  of  Casal  Micabibba  and  Casal  Siggeni,  ex- 
cavated in  1865  by  Dr.  Adams  and  the  author ;  and  the  Is-Shantiin 
fissure  at  the  entrance  to  Casal  Micabibba.  These  localities  are  all 
in  the  denuded  district  of  the  eastern  half  of  the  island ;  and  in  this 
direction  there  is  abundant  evidence  of  the  existence  of  many  similar 
ossiferous  fissures.  From  the  mode  of  occurrence  of  these  bones  the 
author  infers  that,  at  the  time  of  their  deposition  where  we  now  find 
them,  that  part  of  the  island  was  exposed  to  the  impetuous  wash  of 
continuous  and  rapid  currents  of  fresh  water.  The  remains  already 
found  indicate  the  existence  of  three  species  of  Elephants,  two  or 
more  species  of  Hippopotamus,  one  species  of  gigantic  Dormouse  and 
other  large  extinct  animals,  which  must  have  wandered  over  the 
island  in  large  numbers,  probably  associated  with  Carnivora,  of  which, 
however,  no  remains  have  been  discovered  in  Malta,  although  the 
author  has  found  a  portion  of  the  lower  jaw  of  Hyama  in  the  island 
of  Gozo.  He  considered  that  the  area  of  the  island  was  wholly  in- 
adequate for  the  shelter  and  support  of  so  many  large  mammals,  and, 
considering  their  affinity  to  African  species,  and  certain  hydro- 
graphical  conditions  noticed  by  Capt.  Spratt,  he  inferred  that,  at  the 
"^^  See  Dr.  Adamses  note  at  the  end  of  this  paper. 
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period  when  these  mammals  were  living,  Malta  mnst  have  been  united 
to  the  African  continent. 

NaU  by  Dr.  A.  Leith  Adams,  F.GJS. 

I  have  received  from  Dr.  Camana  the  tooth  he  supposes  may  be- 
long to  an  Hippopotamus,  and  find  it  is  a  fragment  of  a  germ  tnie 
molar  of  one  or  other  of  the  pigmy  Elephants.  The  fish-teeth  are 
also  in  my  possession,  and  referable  to  Sharks  of  the  genus  Lamna 
or  Oxtfrhina,  and  are  very  probably  Miocene,  and  derived  from  the 
rocks  in  which  the  Shantiin  fissure  exists,  having  been  washed  into  it 
along  with  the  soil  and  other  organic  remains.  Similar  t^th  were 
found  in  Zebbug  Cave  by  Captain  Spratt,  F.G.S. ;  and  I  discovered 
allied  Sharks'  teeth  in  another  ossiferous  cavern  in  the  island. 

Discrssioif. 

Prof.  Busk  remarked  that  there  was  no  doubt  that  three  species 
of  elephants  had  lived  and  bred  in  Malta. 

Capt.  Spbatt  said  that,  it  appeared  to  him,  the  chief  interest 
of  the  communication  lay  in  the  greater  comparative  abundance  of 
the  larger  species  of  elephant  in  the  new  locality. 
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Bobert  Logan  Jack,  Esq.,  of  the  Geological  Siiryey  of  Scotland ; 
George  Alexander  Lebour,  Esq.,  of  the  Geological  Survey  of  Eng- 
land and  Wales ;  Coles  Child,  Esq.,  of  the  Palace,  Bromley,  S.E., 
and  Harry  Bivington,  Esq.,  22  Finsbury  Square,  N.,  were  elected 
Fellows  of  the  Society;  and  Prof.  Joseph  Szabo,  of  Pesth,  was 
elected  a  Foreign  Correspondent. 

The  following  communications  were  read : — 

1.  On  the  Specibs  of  Bhinocxbos  whose  Rehaivs  were  found  in  a 
FissuKs-CAYEBN  at  Oreston  in  1816.  By  Geobos  Buse,  F.R.S., 
F.G.S. 

hsr  the  year  1816,  during  the  course  of  the  quarrying  of  the  lime- 
stone-rock at  Oreston  for  the  construction  of  the  Plymouth  Break- 
water, a  cavernous  fissure  was  opened,  containing  numerous  more  or 
less  fragmentary  remains  of  Rhinoceros,  but  none  of  any  other  animal. 

Notice  of  this  discovery  was  given  by  Mr.  Whidbey,  the  engineer 
of  the  works,  to  Sir  Joseph  Banks,  at  whose  instance  the  bones 
were  submitted  to  Sir  Everard  Home  for  examination,  by  whom  a 
short  paper  on  the  subject  was  communicated  to  the  Royal  Society, 
which  waa  published  in  the  <  Philosophical  Transactions '  for  1817. 

This  paper  contains  little  more  than  a  mere  enumeration  of  the 
bones  and  teeth,  which  are  all  assigned  to  Rhinoceros ;  and  it  was 
considered  probable  by  Sir  Everard  Home  that  they  belonged  to  three 
individuals. 

In  1821  several  other  cavities  in  the  limestone,  of  the  same  kind, 
were  encountered,  in  one  of  which,  amongst  other  mammalian  re- 
mains, chiefly  of  Bear,  a  single  tooth  of  Rhinoceros  was  met  with, 
"lying  apart  from  the  rest;*'  this  is  described  by  Sir  E.  Home 
as  the  "  fourth  grinder  from  the  front,  right  side,  of  the  Single- 
homed  Rhinoceros." 
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The  above  appear  to  liave  been  the  only  Bhinocerine  remains 
diflcoyered  at  Oreston;  for,  although  in  1823  a  farther  set  of 
caverns  was  laid  open,  whose  contents  have  been  ably  described  by 
Mr.  Clift  in  the  'Philosophical  Transactions'  for  1824,  nothing 
belonging  to  Ehinoceros  was  there  found  *. 

The  specimens  enumerated  by  Sir  E/  Home  are  abont  twenty- 
two  in  number ;  but  this  cannot  have  included  all  that  were  sent  by 
Mr.  Whidbey,  since  the  number  of  specimens  assigned  to  the  lo- 
cality in  the  Catalogue  of  the  Museum  of  the  Eoyal  College  of 
Snigeons,  where  they  are  deposited,  is  thirty-eight  or  thirty-nine. 
They  are  numbered  from  877  to  916.  The  tooth  mentioned  by  Sir 
£.  Home  as  having  been  found  in  the  second  cavern  does  not 
appear  to  be  among  them;  and  one  of  the  numbered  specimens 
(897)  is  not  at  present  forthcoming. 

As  regards  condition  and  colour,  with  one  or  two  exceptions,  the 
specimens  have  a  very  uniform  aspect ;  and  it  is  highly  probable 
that  Professor  Owen  is  right  in  assigning  them  all  to  a  sin^e  indi- 
vidual. 

Sir  E.  Home  imagined  that  the  glenoid  cavity  of  the  scapula  was 
too  small  in  proportion  to  the  head  of  the  corresponding  humerus, 
and  that  a  detached  olecranon  belonged  to  a  still  smaller  indivi- 
dual. But  as  regards  the  scapula  in  question,  there  does  not  appear 
to  be  any  reason  to  concur  in  this  suggestion  ;  and  as  I  have  been  un- 
able to  find  the  detached  olecranon,  I  can  offer  no  opinion  respect- 
ing it.  Most  of  the  other  epiphyses  of  the  larger  long  bones  are 
detached,  which  is  in  favour  of  the  supposition  that  the  ulna  may 
have  formed  part  of  the  same  skeleton,  of  an  individual  which  had 
not  attained  to  fcQl  maturity. 

It  should  be  observed,  however,  on  the  point  of  age,  that  the 
complete  union  of  the  distal  epiphysis  of  the  humerus  and  of  that 
of  the  metacarpals,  and  the  much  worn  condition  of  the  teeth,  show 
that  the  animal  must  have  reached  pretty  nearly  its  full  stature ; 
and  if  the  rate  of  the  development  of  the  bones  was  the  same  as  in 
the  Elephant,  it  was  probably  somewhere  about  twenty  years  old.  It 
must  be  confessed,  however,  that  the  teeth,  for  some  reason,  appear 
to  be  rathex  unduly  worn  for  that  age. 

Sir  Everard  Home,  as  might  be  expected  from  the  period  at 
which  he  wrote,  made  no  attempt  to  discriminate  the  species  to  whidi 
the  remains  belonged,  unless  we  may  interpret  his  expresraon  re- 
specting tho  tooth  found  in  the  second  cavern  as  implying  that  he 
regarded  them  as  belonging  to  Bhinoceros  unUomis.  Nor  does 
Cuvier,  when  referring  to  Sir  Everard  Home's  paper,  make  any 
remark  on  this  point. 

*  In  *  British  Fosflil  Mammals  *  (p.  343),  it  is  stated,  with  reference  to  the 
Bhinooeros-bones,  that  most  of  the  parts  recoTered  from  this  cavern  were  de- 
termined by  Mr.  Clift  But  this  does  not  appear  to  be  the  case.  The  remains 
described,  and  so  beautifullj  figured  by  Mr.  Clift,  are  those  which  occurred  in 
the  third  eet  of  caverns  in  the  year  1823,  and  which,  as  above  stated,  did  not 
afibrd  any  Khinooerine  remains.  The  bones  forwarded  to  Sir  Joseph  Banks 
wore  "determined"  bj  Sir  Everard  Home,  and  not  by  Mr.  Clift 
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In  the  *  Catalogue  of  Fossil  Mammalia/  however,  they  are  as- 
signed to  Bhinoceros  tiekarhinus ;  and  Professor  Owen,  in  *  British 
"Fijaal  Mammals '  (p.  343),  notices  and  partially  describes  them  under 
the  head  of  that  species,  with  which,  in  fact,  they  appear  to  have 
been  associated  by  all  paleeontologists  who  have  since  had  occasion 
to  refer  to  them,  with  the  exception  of  Dr.  Falconer,  who  seems  to 
have  fully  reeognised  the  non-tichorhine  character,  at  any  rate,  of 
the  teeth.    But  he  has  left  no  remarks  respecting  the  other  bones  '*'. 

It  nevertheless  appears  to  me  abundantly  dear  that  neither  the 
teeth  nor  the  bones  present  any  tichorhine  character,  but,  on  the 
contrary,  that  they  are  plainly  referable  to  the  widely  different 
great  southern  form,  E,  leptarhtnus,  Cuv.  (E,  megarhinus,  Christ. t). 

The  Oreston  collection  therefore  acquires  very  great  interact,  not 
only  as  adding  another  to  the  as  yet  scanty  instances  of  the  occur- 
rence of  that  species  anywhere  in  Britain,  but  more  especially  as 
affording  the  only  recorded  example  of  its  discovery  in  a  cavern  of 
any  kind — a  fsict  the  more  remarkable,  perhaps,  since  no  vestige 
of  its  remains  has  occurred  in  the  Brixham  cave,  nor  has  as  yet,  I 
believe,  been  detected  in  Kent's  Hole,  where,  more  particularly,  we 
might  have  expected  to  meet  with  an  associate  of  the  Drepanodon. 

I  wiU  now  proceed  to  state  the  proofs  which  appear  to  me  cal- 
culated to  support  the  conclusion  at  which  I  have  arrived. 

*  It  is  only  since  my  attention  was  lately  directed  to  these  remains,  that  t 
noticed  a  brief  remark  extracted  from  one  of  Ms  note-books,  and  given  in  his 
inyaluable  '  Pabeontographioal  Memoirs'  (vol.  ii.  p.  353),  which  shows  that  his 
acute  and  practised  eve  had  long  a^  (1859)  discerned  the  distinction  between 
the  Oreston  teeth  and  those  of  B,  ttchorhinus.  His  words  are,  **  they  are  quite 
unlike  B.  tichorhinus;  and  I  beUeve  they  a^pree  witli  B.  hemitctehua." 

Although  unable,  for  reasons  herein  assigned,  to  agree  with  my  lamented 
friend  in  the  latter  supposition,  it  was  very  satisfiictory  to  find  that  my  own 
opinion  regarding  the  non-tichorhine  relations  of  the  teeth  was  supported  by  his 
eminent  authority. 

t  It  is  to  be  hoped  that  the  long-standiag  dispute  about  the  proper  appella- 
iion  of  this  species,  may  now  be  considered  finally  settled.  M.  Christol's 
mistaken  interpretation  of  the  figures  of  Cortesi's  skull  has  been  fully  ex- 
plained and  satisfactorily  refuted.  The  identi^,  also,  of  that  skull  with  the 
three  so-called  megarhine  sMIs  that  have  at  difi'erent  times  been  disinterred 
near  MontpeUier  has,  as  it  seems  to  me,  been  completely  establislied  by  the  di- 
rect personal  examination  and  comparison  of  them  by  Dr.  Falconer ;  and  it  is, 
I  beheye,  admitted  by  all,  or  nearly  all,  Uvin^  palaeontologists.  The  question 
therefore  appears  to  require  no  further  discussion.  I  would,  however,  take  this 
opportunity  of  noticing  a  curious  point  connected  with  it,  which  seems  to  have 
been  strangely  oyerlooked  by  all  wno  haye  written  upon  it  except  M.  Duyemoy. 
It  is  nevertheless  a  point  which,  if  properly  considered,  must  long  since  have 
sottied  any  dispute. 

In  1854  M.  DuTernoy  pointed  out  the  palpable  fact  that,  supposing  the 
Cortesi  skull  to  have  been  furnished,  as  was  imagined,  with  a  septum,  that 
septum,  as  shown  in  the  figures  where  it  was  supposed  to  be  represented,  must 
have  been  placed  precisely  where  it  should  not  have  been  had  the  skull  been  that 
of  B.  hemUcechua.  In  that  species,  as  is  well  known,  the  septimi  terminates  a  few 
indies  from  the  extremity  of  the  nasals.  Now  this  part  is  entirely  wanting  in 
the  Cortesi  cranium,  in  which  the  supposed  remains  of  the  septum  are  placed  as 
far  back  as  in  i?.  iichorhinus.  In  iact,  they  retreat  quite  out  of  sight ;  and  it  is 
this  circumstance  probably  that  may  have  led  M.  Chrisiol  for  some  time  to 
regard  the  skull  as  that  of  B.  tichorhinus. 

Digitized  by  VjOOQ IC 


460  PBOCEEDIKGS  OF  THE  GEOLOGICAL  BOCDETT.  [Apr.  27, 

Most  of  the  specimenfl  are  much  broken,  and  conseqaently  but 
ill  fitted,  more  especially  in  the  case  of  the  genus  Bhinoceros,  for 
the  determination  of  specific  characters ;  but  amongst  them  are 
several  which  will  amply  suffice  for  the  purpose ;  and  it  is  to  these 
only  therefore  that  I  shall  confine  what  I  have  to  remark. 

1.  The  Teeth. 

The  collection,  as  it  exists  in  the  College  Museum,  includes  six 
molars — three  maxillary,  and  three  mandibular.  Of  the  former,  two, 
though  much  injured,  are  sufficiently  perfect  to  afford  good  charac- 
ters, the  third  is  too  imperfect  to  be  of  any  use. 

The  most  characteristic  teeth  are  the  two  upper  molars  (num- 
bered 877  and  878) ;  and  they  are  clearly  the  opposite  teeth  of  the 

Fig.  1. — Left  Upper  Molar  of  Rhinoceros  from  Oreston, 


J-.^ 


a.  Anterior  yallum  or  "guard."  b.  Entrance  of  median  Bmiis  (** anterior 
▼alley'*),  c  Uncus  (" crochet ").  d.  Columella,  e.  Crista  (*' anterior 
combing-plate").  /.  "First  ("anterior"  or  "angular")  costa.  y.  Second 
oosta.    h.  Anterior  sinus. 

same  individual.  As  to  their  place  in  the  series,  opinions  may  very 
probably  differ.  In  the  Museum  Catalogue  they  are  described  as 
the  first  molar  (ml);  and  Dr.  Falconer,  in  the  note  above  referred 
to,  also  appears  to  have  assigned  that  position  to  them.  I  am 
myself,  however,  more  inclined  to  regard  them  as  the  second  molar 
(m  2),  chiefly  for  the  reason  that  the  anterior  outer  angle  is  very 
acute,  which  shows  that  the  tooth  was  oblique — and  also  because 
the  anterior  vallum  is  not  prolonged  in  the  form  of  a  cingulum  on 
the  internal  face  of  the  anterior  column,  which  it  most  usually  is, 
but  not  always,  in  the  ml  of  B.  leptorhinus.     And  in  all  species  of 
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Rhinoceros  that  tooth  is  usually  much  more  rectangular  than  m2. 

Moreover,  on  comparison,  these  teeth  will,  I  think,  he  found  to 
agree  more  closely  with  the  m  2,  of  which  a  figure  is  ^ven  hy  Mr. 

W.  Boyd  Dawkins  in  his  paper  on  the  dentition  of  R,  leptorhinus 
Fig.  2. — Right  Upper  Molar  of  Rhinoreros  from  Oreston, 
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i.  RemainB  of  poeterior  sinus. 
{Other  If  iters  the  game  as  in  Fig.  1.) 

{R,  megarhinuB,  B.  D.)  in  the  *  Natural  History  Review '  (vol.  v. 
p.  409),  than  with  the  m  1  there  represented.     The  point,  however, 

is  not  one  of  any  great  importance. 

Both  the  teeth,  as  before  remarked,  arc  much  worn — ^the  remaining 
height  of  the  crown  from  the  root  of  the  fangs,  measured  on  the 
dorsum,  being  about  2  inches.  In  the  specimen,  no.  878  (Fig.  1 ), 
which  is  of  the  left  side,  the  anterior  column  is  entire,  and  the 
remains  of  the  very  oblique  and  strongly  developed  anterior  vallum 
or  "  guard,"  a,  can  be  seen  on  its  anterior  face  only,  not  encroaching 
at  all  upon  the  internal  face.  The  entrance  of  the  median  sinus 
("  anterior  valley  "),  h,  presents  two  rather  strong  conical  papillae  or 
cusps,  whose  points  are  slightly  worn.  The  hinder  part  of  the  tooth, 
including  the  greater  portion  of  the  posterior  column,  is  broken 
off.  The  uncus  ("crochet"),  c,  is  long,  tapering,  and  curved 
outwards,  so  that  its  point  is  directed  towards  the  anterior  outer 
angle  of  the  tooth.  So  far  as  it  is  worn  down,  and  for  a  short  dis- 
tance beyond  the  worn  surface,  the  uncus  is  free  ;  but  at  a  greater 
depth  it  is  joined  to  the  anterior  column  by  a  narrow  isthmus,  so 
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that  at  the  bottom  a  portion  of  the  sinns  is  isolated.  The  unciiB 
arises  from  the  posterior  column  at  a  very  acute  angle ;  but  owing 
to  its  rapidly  making  a  curve  outwards,  its  general  direction  is 
nearly  parallel  with  that  of  the  column ;  and  the  short  reentering 
angle  is  occupied  by  a  slender  columella,  d,  rising  from  the  bottom 
of  the  sinus.  A  short  crista  (<*  anterior  combing-plate  "),  e,  projects 
into  the  sinus  on  its  outer  side,  and  in  a  line  nearly  vertical  to 
the  uncus,  with  which,  however,  it  is  in  no  way  connected.  What 
remains  of  the  dorsum  or  *'  outer  lamina "  shows  no  elevation  of 
the  first  or  angular  costa  (/),  but  a  considerable  elevation  of  the 
second  (g)  ;  the  remainder  of  the  surface  is  evenly  undulated,  with- 
out any  distinct  indication  of  a  fourth  costa.  The  anterior  column 
is  widely  expanded  at  its  inner  end,  with  a  rather  deep  sinuosity 
on  its  anterior  aspect  (h).  The  enamel  throughout  is  very  thin,  and 
where  the  surface  is  exposed  it  is  smooth.  Towards  the  base  of 
the  dorsum  there  is  a  thin  irregular  coating  of  oementum. 

In  the  opposite  tooth,  no.  877  (Fig.  2),  we  are  fortunately  furnished 
with  exactiiy  the  parts  that  are  wanting  in  no.  878,  viz.  the  posterior 
column,  &c.  The  tooth  is  so  much  worn  that  the  posterior  sinus 
("  valley  **)  is  represented  merely  by  a  small  circular  pit  (t):  it  is  con- 
sequently impossible  to  ascertain  whether  the  hinder  vallum  (''third 
coUis  ^)  was  cuspidate  or  emarginate.  In  all  other  respects  the  tooth 
presents  exactly  the  same  characters  as  its  opposite  fellow,  except 
that  the  entrance  of  the  median  sinus  is  famished  with  only  a  single 
cusp,  and  that,  owing  to  its  being  rather  more  worn,  the  uncus 
extends  quite  across  the  sinus,  and  becomes  confluent  with  the  an- 
terior column,  so  as  completely  to  isolate  the  external  portion  of  the 
sinus,  and  produce  a  third  pit  or  fossette.  But  it  will  be  observed 
that  this  fossette  is  not  formed  in  the  same  way  as  the  peculiar 
''  tichorhine  pit "  (that  is,  by  the  coalition,  ah  initio,  of  the  uncuB 
and  crista),  but  simply,  as  not  unfrequently  occurs,  by  the  prolon- 
gation at  the  base  of  the  former,  so  that  it  reaches  as  far  as  the 
anterior  column — a  circumstance  obviously  of  little  moment  as  a 
character,  since,  as  we  here  see,  it  may  be  said  to  exist  on  one 
side  and  not  on  the  other.  It  may  also  be  added  that  a  similar 
prolongation  of  the  uncus  has  been  previously  noticed  in  t^^eth  of 
R.  leptorhinuSf  an  instance  of  which  is  afforded  in  pi.  51.  fig.  4  of 
the  '  Ossemens  Eossiles,'  which  plainly  represents,  as  it  seems  to  me, 
a  tooth  of  R.  lepiorhinuty  and  not  of  R,  henwtcBcha  as  supposed  by 
Prof.  Owen.  And  a  similar  instance  is  shown  in  the  tooth  figured 
by  Mr.  W.  B.  Dawkins  (/.  c.  p.  410,  ^.  10),  I  beUeve,  from  Grays 
Thurrock.  And  it  is  impoi*tent  to  remark  the  occasional  possible 
occurrence  of  this  peculiarity,  since  M.  Christol,  in  his  definition  of 
R,  megarhinus,  expressly  says,  "  le  crochet  de  leur  coUine  pos- 
terieure  ne  se  joint  jamais  a  Pant^rieure  "  *. 

*  Dr.  Ealooner  also  (op.  eit.  ii.  p.  336,  pi.  xriii.  Eg,  5)  notioeB  and  figures  a 
similar  oooarrenoe  in  a  molar  of  S,  kemitiBekuB,  and  remarks: — "Imt  this 
peculiar  confluence  of  the  crochet  with  the  anterior  barrel  is  abnormal  in  the 
true  molars,  is  proved  by  the  extreme  rarity  of  the  instances  which  have  been 
observed  of  it  in  any  species  of  Rhinoceros"    He  then  cites  Cuvier's  figure,  to 
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Ab  regards  dimensioDS,  so  far  as  they  can  be  employed  in  the 
distinction  of  the  quaternary  species  of  Rhinoceros,  little  need 
be  said.  It  may  be  broadly  stated,  at  any  rate,  as  regards  B. 
iiehorhinus,  B,  leptorhiMiSj  and  B.  hemiUxchuSy  that  although  the 
leptorhine  teeth  on  the  whole  are  the  largest,  the  differences  in 
this  respect  are  so  trifling,  and  the  variations  so  considerable,  that 
but  little  reliance  can  be  placed  upon  deductions  drawn  from  a  single 
tooth ;  I  shall  therefore  content  myself  in  the  present  instance 
with  simply  giving  the  dimensions  of  the  Oreston  m  1  or  m  2. 

in. 

Length     2-3 

Width  at  anterior  column 2*5 

Width  at  posterior  column 2-0 

These  dimensions,  or  at  any  rate  the  two  former,  are  exactly  the 
same  as  in  three  instances  recorded  by  Dr.  Falconer,  ^m  Lyons, 
Nice,  and  Imola — although  it  is  true  they  are  less  than  in  the 
general  run  of  BritLsh  specimens  in  the  British  Museum,  in  which 
the  mecm  of  the  corresponding  dimensions  maybe  taken  as  2*6  x  2*5.* 
But  in  partial  explanation  of  this,  it  must  be  considered  that,  at  the 
height  to  which  the  crown  has  been  reduced  in  the  Oreston  speci- 
mens, they  scarcely  afford  the  full  dimensions  of  the  entire  tooth. 

Lower  Teeth. — The  two  lower  molars,  to  which  alone  I  need 
refer,  are  nos.  880  and  881.    The  former  (Fig.  3)  is  the  crown  por- 

Fig.  3. — Crown  of  second  Lower         Fig.  4. — Fourth  Lower  Pre- 
Molar  of   Bhinoeeros  from  molar  of  BhinoMros  from 

Oreston.  Oreston. 


tion  of  m  2  ;  and,  with  respect  to  it,  all  I  would  remark  is,  that  the 
deep  excavation  of  the  worn  surface,  in  consequence  of  which  the 

which  I  have  adverted,  and  which  he  also  assigns  to  R.  leptorhinus,  and  further 
states  that  he  is  unacquainted  with  any  other  instance  of  what  he  terms 
"a  bridge-crochet"  in  a  true  molar  having  been  figured,  ** although,"  he  says, 
"  in  the  milk-molars  it  is  by  no  means  of  rare  occurrence."  He  also  remarks 
that  this  appearance  "  must  not  be  confounded  with  the  cohesion  between  the 
'  crochet*  and  the  '  combing '  plate  which  gives  rise  to  the  third  fossette,  so  cha- 
racteristic of  R.  iiehorhinus  "  (p.  33). 
*  It  is,  perhaps,  not  improbable  that  the  Oreston  teeth  maj  be  milk-molars. 
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points  of  the  hinder  horns  of  each  crescent  rise  into  acute  eminences, 
shows  a  mode  of  usure  totally  different  from  that  which  is  ohserved 
in  R.  tiehorhinus.  Moreover  the  enamel  is  far  too  thin  and  smooth 
for  that  species,  nor  does  the  anterior  column  exhihit  on  its  inn^ 
face  the  distinct  posterior  costa  which  exists  in  the  lower  molars 
of  R.  iithorhinus.  I  am  unable  to  point  out  any  sufficient  character 
by  which  this  particular  tooth  could  be  distinguished  from  that  of 
R,  hemitoeckus.    The  size  of  the  tooth  is — 

Length   2'1  inches. 

Width 1-15  and  1-2. 

No.  881  (Fig.  4)  is  so  much  worn  as  to  be  of  very  little  use  for  the 
purpose  of  diagnosis.     It  appears,  as  stated  in  the- '  Catalogue,'  to  be 

pm  4.  That  it  is  not  tichorhine  is  obvious  enough  from  the  thinness 
of  the  enamel.  But,  except  that  it  is,  perhaps,  rather  more  tapering 
in  front,  I  do  not  see  how  it  could  be  distinguished  from  the  same 
tooth  in  R.  hemitcschus  or  R.  etruscus. 

These  teeth,  therefore,  except  as  regards  R,  Hehorhinus,  are  of 
no  value  for  my  present  purpose.  But  with  respect  to  the  maxillary 
teeth,  the  following  characters  may  be  adduced  as  distinguishing 
them  from  those  of  the  tichorine  Rhinoceros,  and,  in  some  measure, 
from  those  of  any  other  species. 

1.  The  thinness  and  smoothness  of  the  enamel. 

2.  The  configuration  of  the  dorsal  surface,  as  seen  in — 

(a)  The  lowness  of  the  first  and  fifth  costa — that  is  to  say,  of 
the  anterior  and  posterior  angles. 

(5)  The  even  undulation  of  the  posterior  area,  as  it  is  termed 
by  Mr.  W.  B.  Bawkins,  and  the  total  absence  of  the  fourth 
elevation  counting  from  the  front,  or  the  fourth  costa. 

3.  The  expanded  inner  end  and  the  pronounced  sinuosity  on  the 
anterior  aspect  of  the  anterior  column. 

4.  The  great  size  of  the  anterior  vaUum. 

5.  The  form  and  connexions  of  the  uncus,  and  the  consequent 
absence  of  the  true  "  tichorhine  pit." 

From  the  corresponding  tooth  of  Rhinoceros  hemitcechus  the  pre- 
sent seems  to  differ : — 

1.  In  the  lowness  of  the  anterior  costa,  c  1,  and  consequent  ab- 
sence of  the  deep  sulcus  between  it  and  the  second  or  principal 
costa. 

2.  In  the  comparatively  easy  undulation  of  the  rest  of  the  dorsal 
surface. 

3.  In  the  thinness  of  the  enamel  and,  it  might  be  added,  of  the 
cementum — a  character  upon  which,  however,  I  think  Br.  Falconer 
was  disposed  to  lay  rather  undue  weight. 

4.  In  the  form  of  the  uncus — ^which,  instead  of  being  thick  and 
rounded  towards  the  point,  is  slender  and  attenuated,  and  instead 
of  pointing  directly  forwards,  as  in  R,  hemitcechus,  is  ultimately 
directed  forwards  and  outwards  *. 

*  Dr.  Falooner,  as  eveej  one  knows,  plaoed  great  reliance  apon  the  ftndle 
formed  between  the  anous  and  posterior  column  in  the  discrimination  of  1?. 


Digitized  by 


Google 


1870.]  BUBK ^RHIKOCBBOS  OF  ORBSTOlf.  466 

5.  In  the  direction  of  the  crista,  which,  when  present  in  E.  he- 
miUxchus,  arises  further  back  from  the  outer  lamina,  or  even  from 
the  base  of  the  hinder  column  itself,  and  projects  in  a  direction 
nearly  parallel  with  the  uncus,  instead  of  at  right  angles  to  it. 

2.  Other  Bones. 

Most  of  the  bones,  as  I  have  said,  are  in  a  very  fragmentary  con- 
dition; but  amongst  them  are  one  or  two  which  are  capable  of 
affording  excellent  characters,  and  are,  in  fact,  alone  sufficient,  as  it 
seems  to  me,  to  determine  the  species  to  which  they  belong. 

The  first  of  these  is  a  right  middle  metacarpal,  (no.  905  in  the 
Catalogue).  The  bone  is  nearly  perfect ;  and  its  growth  is  com- 
pleted, inasmuch  as  no  trace  remains  of  the  junction  between  the 
shaft  and  the  epiphysis. 

Begarded  with  re^ct  either  to  its  size  or  to  its  form  and  pro- 
portions, this  bone  d^ers  so  strikingly  at  first  sight  from  the  cor- 
responding bone  in  any  other  species  of  Ehinoceros,  recent  or 
extinct,  with  which  I  am  acquainted,  that  it  is  surprising  its  true 
specific  relations  should  have  been  so  long  overlooked.  First,  as 
regards  its  size.  In  Table  I.  (in  which  the  dimensions  and  pro- 
portions of  the  middle  metacarpal,  in  several  instances,  of  R, 
leptorhinus  and  R.  tichorTUnus  are  given),  it  will  be  seen  that  the 
Oreston  bone  is  nearly  H  inch  longer  than  the  longest  specimen  of 
R.  iichorhinus  of  which  I  have  any  knowledge,  and,  in  the  second 
place,  that  it  nearly  corresponds  in  length  wil^  the  metacarpal  of  R. 
leptorhinus,  as  shown  in  two  specimens  from  Grays  Thurrock,  in 
the  British  Museum*.  As  regards  the  other  dimensions,  it  will  also 
be  seen  considerably  to  exceed  those  of  R.  tiehorhinus — as,  for  in- 
stance, in  the  size  of  the  two  extremities,  and  especially  in  the 
transverse  diameter  of  the  dista]  articular  surface  or  trochlea,  which 
may  be  regarded  as  affording  a  pretty  certain  term  of  comparison. 
With  respect  to  the  least  circumference  of  the  shaft,  it  is  true  that 
in  one  instance  of  Rhinoceros  tiehorhinus  that  has  come  under  my 
observation,  from  the  river-gravel  at  Stratford-on-Avon,  the  cir- 

AemOaekus  from  S.  leptorhmus ;  and,  in  the  main,  I  think  he  was  quite  right  in 
ID  doing.  But  it  must  not,  ao  far  as  I  can  judge,  be  supposed  that  this  cha- 
racter imords  an  invariable  criterion  in  all  cases.  Several  instances,  besides  Uie 
present*  showing  this,  may  be  cited  from  the  figures  given  in  the  '  Falaeontogra- 
phical  Memoirs  and  elsewhere.  For  instance,  in  the  lower  jaw  from  L^ons,  of 
which  a  figure  is  given  in  pi.  xxxi.  fig.  2,  the  crochet  appears  to  nse  very 
much  in  the  same  way  as  in  the  Oreston  teeth,  that  is  to  say,  at  an  acute  angle, 
and  then  to  curve  outwards.  Again,  in  Mr.  B.  Dawkins^s  fig.  10  (N.  Hist.  &v. 
T.  p.  410),  the  crochet  cannot  be  said  to  arise  at  an  open  angle,  but  the  reverse ; 
and  Uie  same  may  be  said  of  the  milk-molar,  fig.  4  (L  c.  p.  405).  I  have  also 
in  my  possession  a  mm  3  from  Ilford,  belonging  to  Mr.  Prestwich,  in  which 
the  same  may  be  observed ;  and,  further,  from  this  specimen  it  is  apparent  that 
as  the  tooth  wore  down,  the  angle  would  become  more  and  more  open;  so 
that)  without  throwing  any  doubt  upon  the  general  usefulness  of  the  form  of 
the  angle  as  a  diagnostic  character,  it  is,  I  think,  one  which  requires  to  be  used 
with  caution. 

*  From  the  close  similarity  of  these  two  metacarpals  from  Grays,  it  is  not 
improbable  they  may  (w  the  right  and  left  of  the  same  individual. 
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cumference  is  greater ;  bat  this  is  owing  to  the  circumstance  that 
that  bone  appears  to  be  one  in  which  the  muscular  ridges  on  the 
hinder  surface  are  very  much  developed,  and  the  whole  bone  un- 
usually thick.  The  Oreston  bone  is  tkaa  satis£Gu;toril  j  shown  to  be 
much  larger  in  every  way  than  that  of  R,  tiehorhinus. 

Bat  this  is  not  all ;  it  is  not  only  much  larger,  but  it  differs  still 
more  remarkably  in  its  proportions.  These  are  also  shown  in  the 
Table,  in  which  the  last  two  columns  give  the  ratio,  first,  of  the 
least  circumference  to  the  length  of  the  bone,  which  I  call  the  '*  peri- 
metral  index  " — and,  secondly,  of  the  antero-posterior  diameter  of 
the  shaft  at  the  middle  to  its  transverse  diameter  at  the  same  point, 
which  ratio  I  denominate  the  ''  latitudinal  index."  Inspection  of 
the  figures  in  these  two  columns  will  show  at  a  glance  how 
much  slenderer,  and  how  very  much  .more  compressed  or  fiattened, 
is  the  metacarpal  of  B.  leptorhinus  as  compiled  with  that  of  B. 
tiehorhinus. 

I  have  not  as  yet  met  with  the  metacarpal  of  either  R.  hemiice- 
ehus  or  B.  etruscuB ;  but  as  its  dimensions,  and  in  some  measure, 
probably,  its  proportions  may  be  pretty  safely  predicated  from  those 
of  the  corresponding  metatarsal,  I  have  subjoined  a  Table  (II.)  of 
the  dimensions  and  proportions  of  that  bone  in  the  four  known 
quaternary  species. 

From  this  it  will  be  seen  that  in  B,  l4^^hinu$  the  middle  meta- 
tarsal is  about  one-eighth  shorter  than  the  corresponding  meta- 
carpal, and  in  B,  tiehorhinus  about  one-tweifth.  Assuming  that 
the  proportion  between  the  two  bones  is  the  same  in  B.  hemiteeehts 
and  B,  etruseus,  it  follows  that  the  mean  length  of  the  metacarpal 
in  those  species  would  be  from  7*4  to  7*6  ;  and  this  is  doubtless  not 
far  from  tiie  truth.  It  is  clear,  therefore,  that,  as  regards  length, 
the  metarcarpal  of  B,  leptorhinus  far  exceeds  that  of  either  of  the 
other  three  species ;  and,  in  fact,  it  is  longer  than  in  any  species, 
living  or  extinct,  except  B.  unieomis,  and  perhaps  B.  simus,  of 
whose  skeleton,  however,  we  have  no  knowledge.  Again  it  will 
also  be  perceived  that  although  the  '^perimetral  index"  m  B.he- 
mitceehus  is  very  nearly  the  same  as  in  i^.  leptorhinus^  the  **  latitu- 
dinal index "  is  considerably  higher,  or  in  tiie  proportion  of,  per- 
haps, 417  to  380.  This  shows  how  much  flatter  or  more  compressed 
the  metacarpal  of  B,  leptorhinus  is  than  than  that  of  B.  hemiioechus, 
and,  as  will  be  seen  in  the  Table,  still  more  strikingly  than  that  of 
B,  etruscus,  which,  to  judge  from  the  metatarsal,  must  be  by  far  the 
most  cylindrical  and  at  the  same  time  the  slenderest  of  all  four. 

From  the  above  considerations,  I  think  it  impossible  to  aVoid  the 
conclusion  that  the  Oreston  metacarpal  can  only  belong  to  B, 
leptorhinus. 

The  only  other  bone  to  which  I  need  refer  is  that  numbered  906. 
It  is  the  distal  extremity,  quite  perfect,  of  the  right  inner  meta- 
tarsal, which  measures  1*8  x  1*8  in  antero-posterior  and  transverse 
dimensions.  These  dimensions,  to  judge  from  an  entire  bone  in 
the  British  Museum,  from  Grays  Thurrock  (no.  23761),  which  mea- 
sures 1-7  X 1-7,  would  give  the  Oreston  metatarsal  a  length  of  7*41, 
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which  very  considerably  exceeds  that  of  the  same  bone  in  either 
B,  tichorhinus  or  B,  hemitoechus,  whilst  it  is  quite  in  proportion 
with  that  of  the  metacarpal  above  described. 

I  have  carefully  surveyed  the  other  bones  in  the  Oreston  Col- 
lection, but  think  it  unnecessary  to  say  more  concerning  them  than 
that  they  seem  to  me  to  be  all  in  accordance,  as  regards  pro- 
portions, with  the  metacarpal  and  metatarsal,  hoping  that  what  I 
have  ventuj>ed  to  remark  concerning  those  bones  and  the  teeth  will 
be  enough  to  establish  the  proposition  with  which  I  started. 

Discussion. 

The  Chaibjcan  remarked  that  at  one  time  the  Oreston  Bhinaceros 
was  referred  to  B.  tichorhinus,  but  that  Buokland,  although  men- 
tioning the  Bhinoceros,  never  gave  it  a  specifc  name.  The  Chair- 
man also  said  that  the  Oreston  fissures  were  not  caves,  but  mere 
fissures  which  had  been  filled  in ;  an  entire  skeleton  occurred  at  one 
spot,  and  the  animal  must  have  fallen  in. 

Mr.BoTD  Dawkins  had  been  struck  by  the  non-tichorhine  character 
of  the  Oreston  specimens  some  years  since.  He  confirmed  Prof. 
Busk's  determination,  and  remarked  that  five  British  species  of 
Bhinoceros  are  known,  namely: — 1.  B,  Schleiermacheri,  from  the 
Ked  Crag  of  Suffolk  (in  the  Eocene  at  Darmstadt) ;  2.  B.  gtruseus, 
from  the  Forest  Bed  =  B.  Merekii  (Von  Meyer) ;  3.  B,  megarhinta 
(Christol)=jB.  leptorhinus  (Cuv.) ;  but  the  latter  name  includes  also 
B,  etruscus  and  B.  hemitoechus ;  so  that  the  adoption  of  De  Chris- 
tol's  name  gets  rid  of  a  difficulty ;  4.  B.  hemitcechus ;  and,  5.  B,  Ucho- 
rhinus  =B.  antiquitatis  (Blum.). 

Prof.  Busk,  in  reply,  stated  that  Oreston  was  a  fissure-cavern, 
and  noticed  the  successive  openings  in  1816,  1821,  and  1826.  He 
did  not  agree  with  Mr.  Boyd  Dawkins  in  preferring  the  name 
megarhinus  to  Cuvier's  leptorhinus.  He  did  not  know  of  the  occur- 
rence of  two  species  of  Bhinoceros  at  Oreston. 


2.  On  TWO  Oneissoii)  Series  in  Nova  Scotia  and  New  Brunswick, 
supposed  to  he  the  Equivalents  of  tJie  Hubonian  (Caubriak)  and 
Laurentian.    By  Henrt  Youle  Hind,  Esq.,  M.A. 

(Communicated  by  Professor  Bamsay,  F.R.S.,  F.Q.S.) 
[Plate  XXX.] 

CONTBKTS. 

I.  Introduction. 

II.  Qeneral  Sketch  of  the  Distribution  of  the  supposed  Huronian  and  Lauren- 
tian Sense, 
in.  Sequence  of  Formations.    The  Upper  Silurian.    The  Lower  Silurian,  in- 
cluding the  Gold-bearing  Bocks. 
rV.  The  Cambrian,  or  Huronian  Series. 

y.  The  Laurentian  Series.    The  Eogo<mcanadense{?).    Cape-Breton  IsUnd. 
VL  Relation  of  the  Gh>ld-diBtricts  to  the  Gneissic  Areas. 
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I.  Intbobxtchon. 

The  descriptions  contained  in  this  paper,  so  far  as  they  relate  to 
Nova  Scotia,  are  in  the  main  the  results  of  obserrations  during  the 
summers  of  1868  and  1869,  while  making  geological  surveys  for 
the  Nova-Scotian  Government,  in  the  gold-districts  of  Waverley  and 
Sherbrooke.  The  comparisons  with  New  Brunswick  are  based  on  my 
official  Beport  on  the  Geology  of  that  Province*,  published  in  1866 ; 
and  the  references  to  Cape  Breton,  when  not  otherwise  stated,  are 
from  MS.  notes  of  explorations  in  that  island  during  1866. 

The  accompanying  maps  (PL  XXX.)  embrace  part  of  Halifax, 
Hants,  and  Guysborough  Counties  in  Nova  Scotia,  and  in  New  Bruns- 
wick a  broad  belt  extending  from  the  Bay  of  Chaleurs  to  the 
boundary  line  between  New  Brunswick  and  Mainef. 

Geological  maps  of  Nova  Scotia  were  published  by  Dr.  Abraham 
Gesner  in  1836  J,  by  Dr.  Dawson  in  1866  §  and  in  1868  |i,  and  by 
Sir  William  E.  Logan  in  1866  f  and  in  1869  ♦♦. 

Sir  William  Logan  states,  in  the  introduction  to  his  <  Atlas  of 
Maps  and  Sections,'  that  for  the  geology  of  Nova  Scotia  *^  a  manu- 
script map  by  Dr.  J.  W.  Dawson,  compiled  from  his  own  researches 
and  those  of  Messrs.  E.  Brown  and  H.  Poole,  has  been  the  source 
of  information."  Hence,  in  making  the  necessary  comparisons  be- 
tween the  subject  of  this  paper  and  the  published  descriptions  and 
maps  of  Nova  Scotia,  I  shall  have  to  refer  almost  exclusively  to 
Dr.  Dawson's  maps  of  1868,  accompanying  the  2nd  edition  of  his 
beautiful  work  on  Acadian  Geology. 

In  a  Preliminary  Beport  ft  on  the  supposed  Laurentian  of  Nova 
Scotia,  I  have  quoted  some  passages  from  Dr.  Dawson's  work,  espe- 
cially the  explanation  to  the  geological  map,  in  which  the  uncer- 
tainty of  the  boundaries  of  formations,  and  the  doubtful  age  of  some 
strata  are  adverted  to.  The  recognition  of  very  large  gneissoid  areas 
in  Nova  Scotia,  supposed  to  represent  two  series  not  hitherto  de- 
scribed as  occurring  in  the  Province,  will  enable  some  of  the  changes 
in  part  anticipated  by  Dr.  Dawson  to  be  foreshadowed  with  some 
degree  of  accuracy;  and  it  is  proper  to  repeat  here  Dr.  Dawson's 
first  paragraph  of  the  '  Explanations  to  the  Geological  Map : ' — ''  The 
map  in  this  edition,  though  greatly  improved,  is  still  to  be  regarded 

*  Preliminary  Beport  on  the  Geolo^  of  New  Brunswick:  Fredericton,  1865. 

t  In  aoutbem  New  Bronswiok  Prmeflsor  Bailey  and  Mr.  Matthew  have  dis- 
oovered  Laurentian  and  Huronian  rocks.  They  are  described  in  their  '  Observa- 
tions on  the  Geolo^  of  Southern  New  Brunswick '  (Fredericton,  1865)  ;  also  in 
an  able  piper  by  &.  Matthew,  published  in  the  Society's  Journal  for  November 
1865,  *'  On  the  Azoic  and  Palieozoic  Bocks  of  Southern  New  Brunswick." 

i  Bemarks  on  the  Geology  and  Mineralogy  of  Nova  Scotia,  by  Abraham 
Gesner:  Halifax,  Nova  Scotia,  1836. 

S  Acadian  Gbolo^,  1st  edition. 

II  Op.  cit,  2nd  edition :  Macmillan  and  Co.,  London,  1868. 

^  Atlas  of  Maps  and  Sections :  Montreal,  Dawson  Brothers,  1865. 

**  Geological  Map  of  Canada  and  the  adjacent  Begions,  1869 :  London, 
Edward  Stanford. 

tt  Preliminary  Beport  on  a  Gneissoid  Series  underlying  the  (jk)ld-bearing 
Bocks  of  Nova  Scotia,  and  supposed  to  be  the  Equivalent  of  the  Laurentian 
System :  HaUfu,  Nova  Scotia,  Januaxy  5,  1870. 
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88  merely  a  rode  approximation  to  the  tmth ;  and  the  cdonzing  in 
many  places,  more  especially  in  the  interior,  remote  from  the  ooaat- 
lines,  is  little  more  than  eonjectaraL" 

In  varions  parts  of  * Acaduin  Geology'  refeienee  is  made  to  itxfa 
which  were  thon^t  hy  Dr.  Dairaon  might  be  older  than  the  Lower 
flilnrian  sUtea  and  qnartzites  (see  particularly  p.  620,  <  Acadian 
Geology/  2nd  edit.).  These  will  probably  now  be  classed  with  the 
Hnronian  series;  and  the  massive  poiphyiitic  granitoid  gneisa  on 
which  they  rest,  with  the  Lanrentian. 

Dr.  Stwry  Hunt  visited  Nova  Scotia  in  November  1867,  "  for 
the  puipose  of  maldng  some  observations  on  the  gold-bearing  rocks 
of  ^t  Province,  with  the  view  of  comparing  them  with  those  of 
other  parts  of  the  Dominion,  and  also  of  obtaining  such  information 
as  mi^t  be  useful  in  the  event  of  a  geological  sorvey  of  Nova  Scotia 
itselt" 

Dr.  Hunt's  stay  in  the  Province  was  limited  to  four  weeks  in  the 
months  of  November  and  December ;  and  in  the  descriptions  which 
he  has  given  in  his  official  Keport  to  Sir  W.  £.  Logan*,  he  quotes 
the  following  as  the  principal  sources  of  information  about  tiie 
geology  and  mineralogy  of  Nova  Scotia: — ^Dr.  Dawson's  'Acadian 
Geology,'  1st  edit;  Mr.  Poole's  Beport,  1862;  Mr.  J.  Campbell's 
Reports,  1862  and  1863;  Professor  B.  Silliman's  Reports  on  Tan- 
gier, Waverley,  and  Montagu  Goldfields,  1864.  Dr.  Hunt's  opinion 
of  the  age  of  tiie  gold-beanng  rocks  is  expressed  in  the  following 
paragraph: — <'ln  the  present  state  of  our  knowledge  it  appears 
probable  that  they  may  represent  a  part  of  the  Lower  Silurian 
Series,  which,  like  the  Upper  Silurian  and  Devonian  of  this  part  of 
the  continent,  may  be  supposed  to  consist  chiefly  of  non-calcareous 
sediments." 

The  Map  (PI.  XXX.  flg.  6)  of  part  of  New  Brunswick  between  the 
Bay  of  Chaleurs  and  the  State  of  Maine,  **  showing  the  disposition  of 
theGneissoid  Series,  part  of  which  may  be  supposed  to  be  of  Lanrentian 
age,"  is  reduced  from  the  original  manuscript  map  which  accompanied 
my  Report  on  the  explorations  in  1865,  and  is  described  with  some 
detail  in  pages  42-50  of  the  Report.  The  lines  of  section  show 
where  I  crossed  the  gneiss  belts;  but,  the  intervening  country 
being  a  rooky  and  wholly  unexplored  wilderness,  the  continuity  of 
the  bands  is  purely  conjectural. 

A  copy  of  this  Map  was  sent  to  Sir  W.  £.  Logan  in  1865 ;  and 
allusion  is  made,  in  the  *  References  to  the  Atias  of  Maps  and  Sections 
of  the  Geological  Survey  of  Canada,'  to  opinions  expressed  in  my 
report  that  much  of  the  granites  of  New  Brunswick  consist  of  altered 
sedimentary  strata  f. 

*  Page  7y  Beport  of  Dr.  T.  Stony  Hunt,  F.B.S.,  on  the  Gold-region  of  Nova 
Sootia. 

t  Much  of  what  in  Nova  Sootia,  New  Brunswick,  and  Maine  ia  repreaented 
on  the  Map  as  intruave  rock  (chiefly  granitic),  probably  connats  of  palsxiEoio 
strata  altpivd  in  sitit,  as  alrcaidy  suggested  by  Dawson  and  Hind.  See  tJio 
latter's  '  Beport  on  New  BrunBwiek/  1865,  p.  50;  '  Atlas  of  Maps  and  Sections, 
Geological  Survey  of  Canada,*  1865. 
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II.  OSITBRAL  SXBTOH  OF  THE  BlSIRIBUTION  OF  THB  SUPPOSED  HURONIAN 
AND  LaUJUBNTIAN  SsSIBS  IN  NoYA  SoOTIA. 

In  this  general  sketch  of  the  old  gneissic  rocks  of  Nova  Scotia 
they  are  grouped  together.  In  succeeding  paragraphs  it  is  stated 
where  Huronian  or  Camhrian  gneiss  and  schist  rest  on  the  Old 
Lanrentian  gneiss  as  far  as  known.  The  country  occupied  hy  these 
gneisses  is  for  the  most  part  an  uninhahited  wilderness. 

The  ohjeet  of  this  paper  is  to  show  that  two  gneissoid  series, 
supposed  to  he  the  equivalents  of  the  Huronian  and  Lanrentian  of 
Sir  W.  E.  Logan,  are  exposed  over  very  large  areas  in  Nova  Scotia^ 
the  Island  of  Cape  Breton,  and  in  New  Brunswick. 

The  outcrop  of  the  Lanrentian  and  Huronian  in  Halifax  and 
Hants  Counties  has  heen  traced  from  a  point  seven  miles  west  of 
Windsor,  on  the  Badn  of  Mines  (Bay  of  Fondy),  to  the  Atlantic 
coast  at  Cape  Samhro,  a  distance  of  forty-eight  miles  in  an  air-line, 
and  sixty-four  miles  on  the  margin  of  the  outcrop.  This  is  the 
north-easterly  houndary  of  an  immense  area  of  the  same  rock-series 
which,  from  information  hereafter  noticed,  I  heHeve  continues  with 
variahle  hreadth  to  the  Tusket  Islands,  near  Yarmouth,  a  distance 
of  ahout  135  miles  in  an  air-line. 

The  area  ahove  descrihed  forms  the  western  development  of  the 
Lanrentian  and  Huronian  gneisses  and  schists  in  Nova  Scotia.  It 
is  separated  from  the  eastern  development  hy  a  narrow  profound 
valley,  occupied  hy  Silurian  strata,  whose  least  hreadth  is  eight 
miles.  The  outcrop  of  the  south-western  houndary  of  the  eastern 
development  is  not  continuous,  hut,  as  shown  on  the  map,  emhraces 
two  areas  near  Grand  and  Parker  Lakes,  and  an  area  of  unknown 
but  very  conaiderahle  and  variahle  vridth,  stretching  (with  some 
narrow  interruption  of  Silurian  strata  which  have  escaped  denuda- 
tion) probably  all  the  way  to  the  Strait  of  Canso  and  Chedabucto 
Bay,  a  distance  of  120  miles  in  an  air-line ;  so  that,  generally 
speiaJdng,  a  Lanrentian  axis,  capped  here  and  there  by  strata  of 
Huronian  age,  occupies  Nova  Scotia,  certainly  in  one  place  at  least 
forty-eight  miles  in  breadth. 

llie  existence  in  Nova  Scotia  of  aU  formations,  from  the  Trias  to 
the  Lanrentian,  with  the  exception  of  the  Permian*,  may  now  be 
r^^arded  as  very  probable.  Whether  the  rocks  noticed  in  the 
footnote  are  of  Permian  or  Tiiassic  age,  I  am  not  able  to  say ;  but, 
judging  from  the  descriptions  given  of  the  relations  of  the  Triassic 
to  the  Carboniferous  by  Br.  Dawson,  I  have  hitherto  considered 

*  In  Cape  Breton,  at  Jumping  Brook,  seven  miles  north-east  of  Ghetican  Island, 
on  the  Gulf  coost,  and  at  Trout  Brook,  five  miles  north-east  above  Chetioan, 
mottled  sandstones  and  conglomerates  rest  unconformably  on  white  and  motded 
sandstones  and  bituminous  shales,  supposed  to  be  of  Lower  Carboniferous  age. 
These  latter  rest  unconformably,  the  first  on  red  metamorphio  rooks ;  the  second 
are  seen  in  close  proximity  to  red,  green,  and  black  corrugated  scMsts,  supposed 
to  be  of  Lower  Silurian  age.  In  Dr.  Dawson's  tabular  view  of  the  geological 
formations  of  the  Acadian  Provinces  (Acadian  G^logy,  p.  19)  the  Permian  is 
stated  to  be  "not  represented,  unless  by  the  lower  part  of  the  sandstones  of 
Prince  Edward  Island."  May  not  the  unconformable  patches  in  Cape  Breton 
be  a  continuation  of  these  Prince-Ed  ward-Island  deposits? 
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small  unconformable  patches  in  Cape  Breton  of  Triassic  age,  and 
regarded  them  as  the  continuation  of  the  Prince-Edward-Island 
series,  resting  on  Lower  Carboniferous  rocks. 

In  the  accompan3ring  map  (^.  1)  the  regular  sequence  is  shown 
between  the  Upper  Silurian  and  the  Laiirentian ;  and  the  entire 
series  from  the  Lower  Carboniferous,  with  the  exception  of  the 
Devonian,  is  passed  over  in  a  journey  by  rail  from  Windsor  to 
Halifax,  in  a  distance  of  fourteen  miles.  The  Devonian  occurs  at 
Nictau,  and  rests  there  on  Upper  Silurian  slates*,  which  probably 
sweep  round  the  Falmouth  mountains,  and  connect  with  the  Upper 
Silurian  shown  on  the  Map. 

III.   SSQUSNCE  OF  EOBXATIOirst. 

The  Upper  Silurian. — On  the  St.  Croix  river,  eight  miles  from 
Windsor,  the  Lower  Carboniferous  grits  are  seen  to  rest  on  sup- 
posed Upper  Silurian  argillites.  The  grits  dip  N.  60°  W.  5°;  the 
aigillites  S.  70°  E.  60°.  The  argillites  are  generally  very  fine- 
grained, green  internally,  but  weathering  red ;  they  are  interstratified 
with  thin  beds  of  quartzites,  and  have  a  breadth,  near  the  railway, 
of  170  chains,  their  dip  being  tolerably  uniform,  and  no  repetitions 
visible ;  their  thickness  may  approach  9000  feet. 

The  argillites  resemble  in  every  particular  argillites  seen  on  the 
Tobique,  in  New  Brunswick  (fig.  6),  and  there  associated  with  thin 
calcareous  beds  holding  Favosites  goMandica,  These  are  described 
in  my  Report  on  New  Brunswick  J. 

Towards  the  upper  portion  of  the  series  the  argillites  are  con- 
formably succeeded  by  bluish-black  slates,  holding  cubical  crystals 
of  iron  pyrites,  and  resembling  roofing-slates.  A  similar  change 
occurs  on  the  Tobique,  in  New  Brunswick.  These  bluish-bla^ 
slates  are  exposed  to  a  great  extent  on  the  Ardoise  hill-range, 
Nova  Scotia. 

The  Lower  Silurian, — ^A  good  exposure  of  the  supposed  blue- 
black  Upper  Silurian  slates  is  visible  at  the  thirteenth  tel^japh-post 
south  of  EUerhouse  station,  on  the  Halifax  and  Windsor  Eailway, 
dipping  S.  20^  E. ;  and  at  the  thirty-eighth  telegraph-post  brilliant 
micaceous  schists,  with  black  corrugated  slates,  dip  N.  40°  E.,  the 
intermediate  space  being  covered  with  boulder-drift  §.  The  brilliant 
micaceous  schists,  as  well  as  corrugated  slates,  are  much  contorted, 
and  overlie  conformably  the  gold-bearing  quartzite  series. 

The  micaceous  schists  and  the  corrugated  black  slates  cannot  be 
distinguished  from  similar  schists  and  slates  described  in  my  New- 

*  Dawson's  'Acadian  Qeology,'  2nd  edition,  p.  4d8. 

t  In  the  *  Journal  of  the  Geological  Society'  for  1862  (No.  72)  there  ia  a 
paper  "  On  the  Qeology  of  the  Gk)la-field8  of  Nova  Scotia,"  by  Dr.  Honeymaa, 
with  a  sketch  map  of  a  part  of  Nova  Scotia  between  Halifax  and  Windsor. 
Page  131. 

In  the  absence  of  fossils  the  rocks  in  the  preceding  paragraphs  are  regarded 
[Jpper  Silurian,  the  difference  between  them  and  the  strata  next  described 
being  considerable ;  nerertheless,  actual  contact  not  havinff  been  seen,  they  may 
be  a  recurrence  of  the  Lower  Silurian  beds  on  the  other  side  of  a  great  synclinal 
fold,  and  less  altered  than  those  in  closer  proximity  to  the  gneiss. 
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Bmnswick  Eeport  as  oocnmng  on  the  Nipisiquit,  and  near  Dum- 
barton station,  on  the  New  Brunswick  and  Canada  railroad  (pp.  147 
and  154)y  where  they  are  associated  with  the  red  slates  supposed  to 
be  the  uppermost  member  of  the  Quebec  group  of  Sir  W.  E.  Logan. 
The  black  corrugated  slates  contain  conformable  auriferous  beds  of 
quartz ;  but  no  mining  is  at  present  carried  on  in  these  deposits. 
They  are  about  3000  feet  in  thickness,  and  are  conformably  under- 
lain by  the  gold-bearing  rocks. 

The  Gold-bearing  Rocks, — ^The  known  gold-bearing  rocks  of  Nova 
8cotia  consiBt  of  quartzites,  sandstones,  and  grits,  interstratified  with 
argiUaceoufl  slates,  and  thiii  conformable  beds  and  intercalated  beds 
of  auriferous  quartz.  The  portion  has  an  ascertained  thickness  ex- 
ceeding 9000  feet ;  and  between  the  base  and  a  vertical  thickness  of 
about  3000  feet  from  the  summit,  the  thin  beds  of  quartz  yielding 
gold  are  found,  and  are  worked  in  different  districts  in  this  Province, 
80  that  a  mass  of  strata  having  a  thickness  of  6000  feet,  or  more 
than  a  mile,  yields  gold  from  quartz-beds  of  contemporaneous  age 
with  the  quartzites  and  slates  with  which  they  are  interstratified ; 
and  it  is  from  these  quartz-beds  that  the  greater  part  of  the  gold  of 
Nova  Scotia  is  obtained*.  The  total  thickness  of  the  gold-bearing 
series,  including  the  corrugated  black  slates  and  the  brilliant  mica- 
ceous schists^  IB  about  12,000  feet. 

rV.  The  Cambrian,  or  Huroiqaw  Series. 

In  some  parts  of  Nova  Scotia  the  known  gold-bearing  rocks  rest  un- 
conformably  on  a  gneissoid  series,  well  exposed  to  view  on  the  HalifSax 
and  "Windsor  Railway,  between  the  Stillwater  and  Mount  TJniacke 
Stations  (PI.  XXX.  fig.l),  and  near  the  village  of  Sherbrooke,  in  Guys- 
borough  County  (fig.  4).  This  series  is  composed  of  beds  of  gneiss, 
interstratified  with  micaceous  schists,  schist  conglomerate,  beds  of 
true  quartzite,  and  grits.  The  gneiss  is  sometimes  porphyritic ;  and 
the  upper  beds  are  almost  always  conglomerate,  holding  pebbles  and 
mosses  of  schist,  grits,  and  conglomerates,  which  are  found  in  this 
series.  Some  of  the  gneissic  strata  are  granatiferous,  as  are  also  the 
micaceous  schists.  Between  Stillwater  and  Mount  Uniacke  Stations 
the  general  strike  of  the  Lower  Silurian  is  N.  80°  E.,  dip  N.  80°; 
the  prevailing  strike  of  the  Huronian  is  S.  50°  E.,  the  railroad-track 
running  for  two  or  three  miles  on  the  strike  of  these  rocks.  Near 
to  their  junction  with  the  Huronian,  the  Silurian  strata  are  more 
altered  than  where  remote  from  them,  and  hold  numerous  crystals  of 
andalusite.  This  series  has  been  very  extensively  denuded,  and  in 
some  places  Silurian,  Huronian,  and  Laurentian  are  seen  in  close 
juxtaposition.    The  thickness  at  Sherbrooke  is  about  1300  feet. 

When  the  preliminary  Eeport  already  referred  to  was  in  the 
hands  of  the  printer,  I  satisfied  myself,  by  repeated  observations, 
that  a  very  decided  unconformability  existed  between  these  supposed 
older  strata  and  the  gold-bearing  series,  also  between  the  older 

*  Vide  my  Beport  on  the  Sherbrooke  Gbld-District  for  a  description  of  the  auri- 
ferous lodes,  distinguiahing  between  contemporaneouB  and  intercalated  lodes. 
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strata  and  the  Laurentian ;  and  I  have  Bucoeeded  in  discovering  in 
various  pilaces: — 

1st.  The  unconformable  contact  of  the  Lower  SUurian  gold-bearing 
strata  with  the  underlying  gneissoid  and  schistose  series. 

2nd.  The  unconformable  contact  of  this  gneissoid  and  schistose 
series  with  the  old  porphyritio  gneisB  which  I  had  before  described 
as  Laurentian. 

3rd.  The  unconformable  contact  of  the  gold-bearing  series  with 
the  old  Laurentian  gneiss^  showing  the  absence  of  the  intermediate 
gneissoid  series,  or  the  Huronian. 

These  several  points  of  contact  are  visible  at  both  extremities 
of  a  patch  of  Huronian  strata  about  four  miles  broad,  overlying  the 
Laurentian  on  the  Windsor  and  Halifax  Bailway,  commencing  one 
mile,  or  thereabouts,  south-east  of  new  Stillwater  stiition,  and  ter- 
minating at  Uniacke's  second  lake,  and  more  than  half  a  mile  west 
of  Mount  Uniacke  station. 

Y.  The  Laubektian  Sebies. 

The  rocks  last  described  are  visible,  as  already  stated,  in  uncon- 
formable contact  with  a  coarse  porphyritic  granitoid  gneiss  near 
Stillwater  station.  The  strike  of  the  granitoid  gneiss  is  N.  10°  W., 
dip  W.,  at  an  angle  of  about  48°.  Five  miles  further  south,  and 
within  a  third  of  a  mile  of  Mount  Uniaoke  station,  the  Silurian 
quartzites  rest  on  the  Laurentian  gneiss,  the  qnartzites  having  a 
strike  N.  76°  W.,  and  the  old  gneiss  N.  20°  W.  Between  Stillwatjer 
and  Mount  Uniacke  the  Huronian  series  rests  on  the  old  gneiss,  and 
the  Silurian  on  the  Huronian ;  but  north  of  Stillwater  and  south  of 
Mount  Uniacke  the  Silurian  strata  are  in  contact  with  Laurentian 
gneiss,  and  so  continue  until  another  patch  of  Huronian  is  reached, 
this  last-named  series  appearing  to  cover  comparatively  small  areas 
in  the  great  Laurentian  valley  between  Halifax  and  Windsor ;  but 
in  the  more  western  counties  it  is  exposed,  I  have  reason  to  believe, 
to  a  very  considerable  extent. 

In  the  county  of  Guysborough  (fig.  4)  the  gold-bearing  rocks  at 
Sherbrooke  rest  on  the  Huronian,  which,  again,  is  seen  close  at  hand 
in  contact  with  the  old  Laurentian  gneiss.  In  the  middle  and  eastern 
part  of  Nova  Scotia  the  thickness  of  the  Huronian  does  not  appear 
to  be  very  considerable ;  but  no  complete  section  has  yet  been  crossed, 
except  at  Sherbrooke  (fig.  6).  Between  Halifax  and  Windsor  the 
Lower  Silurian  series  occupies  a  great  valley  or  synclinal  fold  in  the 
old  Laurentian  gneiss.  The  average  breadth  of  the  valley  is  nine 
miles.  Its  general  course  is  north-west  (true);  and  the  gold- 
districts  of  Mount  Uniacke  and  Hammond's  Plains  are  arrang^  on 
its  western  boundary — and  those  of  Lawrencetown,  Montagu,  War- 
verley,  and  Renfrew  on  the  eastern  boimdary  of  the  valley,  occupy- 
ing crowns  of  anticlinals  which  have  a  general  north-east-by-east 
direction  (fig.  1). 

In  one  part  of  the  county  of  Guysborough  the  Laurentian,  with  a 
nanrow  band  (as  far  as  known)  of  Huronian,  forms  a  nucleus,  having 
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an  area  of  about  120  square  miles.  Arotmd  this  nndens  the  gold-- 
districts  of  Cochran's  Hill,  Sherbrooke,  Wine  Harbor^  Isaac's  Har- 
bor, and  Country  Harbor  are  arranged,  also  on  the  crown  of  anti- 
dinals,  which  have  a  general  easterly  and  westerly  direction. 

The  profound  Silurian  valley  shown  in  the  map  (fig.  1),  between 
Halifax  and  Windsor,  divides  the  Atlantic  portion  of  Nova  Scotia 
proper  into  two  distinct  geological  areas,  in  both  of  which  the  old 
porphyritic  Laurentian  gneiss  forms  the  axis  around  which  Huronian 
and  l^urian  series  are  arranged ;  but,  with  respect  to  the  precise 
limits  of  these  formations,  little  is  known  west  or  east  of  the  area 
shown  on  the  plan. 

From  Dr.  Dawson's  published  maps  and  descriptions)  Mr.  Poole's 
manuscript  map  of  the  western  part  of  the  peninsula,  and  the  nume^ 
rous  rock-specimens  collected  by  that  genUeman,  and  placed  at  my 
disposal  by  the  Commissioner  of  Mines,  coupled  with  Viduable  infor- 
mation derived  from  other  sources,  I  infer  that  this  coarse  Laurentian 
gneiss  extends  in  one  unbroken  sheet  of  strata,  but  of  variable 
width,  a  distance  of  ninety  miles  west  of  Windsor,  and  occupies  a 
large  portion  of  the  uninhabited  wilderness  in  that  part  of  the 
Province.  Much  of  the  gneiss,  schist,  and  mica-slate  seen  by 
Mr.  Poole,  and  described  in  his  Eeport,  and  illustrated  by  )m 
specimens,  together  with  the  gneiss,  mica-schist,  and  chloritic  beds 
alluded  to  by  Dr.  Dawson,  and  by  that  geologist  long  ago  spoken 
of  as  probably  older  than  the  Lower  Silurian,  are  doubtless  the 
representatives  in  many  instances  of  the  Huronian  in  the  district 
where  they  occur. 

In  the  autumn  of  1868,  Dr.  Honeyman,  then  engaged  on  the 
Geological  Survey  of  Canada,  discovered  on  the  Gulf-coast  of  Nova 
8cotia,  in  the  Aiisaig  district,  and  near  the  base  of  the  Antigonish 
mountains,  syenites,  diorites,  and  cr}^stalline  limestone,  with  ser-* 
pcntine.  Specimens  were  sent  to  Montreal  for  examination;  and 
instructions  were  given  by  Dr.  Hunt  to  the  la:pidary  to  prepare 
sections  of  the  serpentinous  rock  for  microscopical  examination.  By 
some  mischance  this  was  neglected,  and  the  specimens  remained 
unexamined,  and  indeed  forgotten,  until  quite  recentiy,  as  Dr.  Hunt 
informs  me,  under  date  Feb.  3,  1870.  When  submitted  to  the 
microscopic  test,  forms  resembling  Eozoon  canadenH  were  distinctiy 
seen,    lliese  may  be  of  Laurentian  age*. 

In  other  parts  of  Nova  Scotia  the  Laurentian  is  yet  known  only 
in  the  form  of  coarse  porphyritic  gneiss ;  but  the  area  it  occupies  is 
a  lake  and  forest  wilderness,  frequented  only  by  the  lumberman  and 
hunter. 

The  descriptions  given  by  Sir  W.  E.  Logan  of  a  similar  rock  in 
the  Laurentian  of  Canada  apply  exactly  to  the  characteristic  strata 
in  Nova  Scotia,  "The  coarse-grained  granitoid  and  porphyritiq 
varieties,  which  often  form  mountain  masses,  sometimes  have,  at 

*  The  CfXifltenoe  of  the  Eozoon  has  recently  been  estaUiahed  in  Umeetones  and 
Berpenthiea,  now  known  to  be  of  Laurentian  age,  hy  Dr.  Steny  Hunt,  in  Maaaa- 
cfauaelts.  An  acoonnt  of  this  diwovery  ia  given  in  the  last  number  of  the 
*  American  Journal  of  Science/  Feb.  1870.  ^^         ,  . 
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first  Bight,  but  little  of  the  aspect  of  stratified  rocks,  and  might  be 
mistaken  for  intrusive  granites  "*. 

Cope  Breton. — In  Cape  Breton  I  saw,  in  1866,  the  black  oom- 
gated  slates  forming  the  snmmit  of  the  gold-bearing  series  of  NoTa 
Soofcia,  about  five  males  north  of  Chetican  Island,  on  the  Gulf-coast ; 
and  on  the  Mackenzie  Eiver,  near  Bed  Cape,  I  crossed  part  of  a 
great  gneissoid  series  f. 

In  various  parts  of  Cape  Breton  I  have  seen  similar  gndsses,  as 
for  instance,  near  the  mouth  of  North  Elver,  6t  Ann's  Bay,  and  on 
the  peninsula  opposite  Baddeck. 

Dr.  Honeyman  informs  me  that  he  considers  the  gold-bearing 
rocks  of  Middle  River,  in  Cape  Breton,  to  be  of  the  same  age  as 
those  of  Nova  Scotia.  Hence  it  becomes  more  than  probable  that  a 
very  large  portion  of  the  area  coloured  by  Dr.  Dawson  to  represent 
Upper  Silurian  in  the  northern  part  of  the  island  is  occupied  hj 
rocks  of  Huronian  and  Laurentian  ageij:. 

Three  Subordinate  Laurentian  Aces, — The  sketch  section  of  part 
of  Canada,  New  Brunswick,  and  Nova  Scotia  (^g,  3),  showing  the 
outcrop  of  the  gnei&soid  rocks,  points  to  three  subordinate  undula- 
tions which  have  brought  up  the  gneissic  rocks  between  the  Atlantic 
coast  of  Nova  Scotia  and  the  great  Laurentian  axis  of  the  American 
continent  on  the  north  side  of  the  St.  Lawrence. 

The  first  of  these  is  the  central  belt  of  New  Brunswick,  which  is 
parallel  to  the  great  axis  north  of  the  St.  Lawrence.  In  the  trough 
between  the  St.  Lawrence  and  this  belt  the  newest  rock  known  is 
an  outlier  of  Lower  Carboniferous  age. 

The  second  axis  trends  slightly  to  the  eastward,  and  the  rocks  are 
exposed  from  the  coast  of  Maine  to  a  considerable  distance  beyond 
the  city  of  St.  John,  enclosing  a  wedge-shaped  trough  in  which  the 
New-Brunswick  coalfield  is  situated. 

The  third  axis  is  in  Nova  Scotia,  and  the  newest  rock  in  the 
intervening  trough  is  the  New  Bed  Sandstone, 

On  the  Atlantic  coast  of  Nova  Scotia,  and  on  the  south-east  side 
of  the  Nova-Scotian  axis  the  newest  rocks  consist  of  patches  of  the 
Lower  Carboniferous,  so  that  in  each  trough  we  find  a  recurrence  of 
the  same  rock-series. 

From  the  horizontal  attitude  of  the  Carboniferous  series  in  Nova 
Scotia  and  New  Brunswick,  sometimes  resting  on  the  gneiss,  some- 
times on  tilted  Devonian  or  Silurian  strata,  it  appears  probable  that 
these  great  undulations  occurred  at  the  close  of  the  Devonian  period. 

The  three  great  axes  just  enumerated  represent  the  main  undu- 
lations; but  they  arc  themselves  thrown  into  minor  corrugations, 

♦  Geology  of  Canada,  1863,  p.  687. 

t  See  pogo  11  of  a  '  Preliminary  Heport  on  a  Gneissoid  Series  underlying  the 
Gk>ld-boaring  Rockn  of  Nova  Scotia,  and  supposed  to  be  tbe  equivalent  of  the 
Laurentian  System,'  by  the  Author. 

X  In  the  counties  of  Addington,  Hastings,  and  Feterboro*,  Ontario,  there  is 
a  series  of  rocks  provisionally  phiced  by  Sir  W.  E.  Logan  as  Lower  Laurentian, 
"  at  the  base  of  which  there  appears  to  be  an  auriferous  band/'  See  page  5,  Sum- 
mary Report  of  Progress  in  Geological  Investigations,  May,  1869  (Geological 
Survey  of  C(inada). 
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"wliich  in  New  Siiinswick  and  Nora  Scotia  preserve  a  remarkable 
parallelism.  Theeo  corrngations,  in  the  descriptions  of  the  structure 
of  the  Nova-Scotian  gold-districts,  are  termed  the  east  and  west 
antidinals*. 

YI.   EeLATIOK  op  THi  GoLD-DlSTBICTS  TO  TBE  GlfEISSIC  AbEAS. 

The  north  and  south  anticlinals  are  low  broad  undulations  which 
haye  ridged  the  country  (Kova  Scotia)  in  a  nearly  meridional  course. 
At  the  intersection  of  the  north  and  south  with  the  cast  and  west 
anticlinals,  the  gold- districts  of  Nova  Scotia  are  situated ;  and  it  is 
here  also  that  denudation  has  occasionally  exposed  the  gneissic  rocks 
in  patches,  like  islands  in  a  Silurian  sea. 

The  map  of  the  gneissic  rocks  in  the  county  of  Guysborough, 
Nova  Scotia  (hg.  4),  is  an  illustration  of  this  form  of  outcrop ;  and 
the  map  showing  the  Silurian  valley  between  Halifax  and  Windsor 
(the  Atlantic  and  the  Bay  of  Pundy)  exhibits  the  protecting  influ- 
ence of  the  north  and  south  synclinals  (fig.  1). 

Where  islands  of  gneiss  occur  in  Nova  Scotia,  the  gold-districts 
are  symmetrically  arranged  around  them — the  outcrop  of  the  lodes 
(which  are  beds  of  quartz)  having  a  semielliptieal  form,  the  base  of 
the  ellipse  resting  on  the  gneiss. 

Where  they  occur  in  a  Silurian  valley,  between  great  exposures  of 
gneiss,  as  represented  on  the  map  showing  the  structure  from  Halifax 
to  Windsor  (fig.  1),  the  exposed  edges  of  the  beds  of  quartz  have 
also  a  semielliptieal  form ;  and  if  two  districts  are  situated  on 
opposite  sides  of  the  valley,  the  apices  of  the  semiellipses  point 
towards  each  other,  their  bases  resting  on  the  gneiss,  as  in  the  case 
of  Waverley  and  Mount  TJniacke. 

Where  denudation  bos  not  reached  the  gneiss,  the  outcrop  of  the 
bedded  lodes  may  have  any  of  the  symmetrical  forms  which  can  bo 
produced  by  the  intersection  of  plane  and  curved  surfaces. 

From  the  imiform  distribution  of  the  auriferous  beds  of  quartz  in 
the  Silurian  rocks  of  Nova  Scotia,  wo  may  expect  to  find  accessible 
deposits  at  the  intersection  of  the  anticlinals  all  over  the  Province, 
where  they  are  not  concealed  by  superior  formations;  and  since 
denudation  has  taken  place  to  the  greatest  extent  near  gneissic 
areas,  it  may  be  anticipated  that  the  correct  mapping  of  these  rocks 
will  be  of  considerable  economic  advantage  to  the  Province. 

Becent  operations  in  the  gold-district  of  Waverley  have  aflTorded 
very  satisfactory  proofs  of  the  contemporaneous  bedded  structure  of 
many  of  the  Nova-Scotian  lodes,  and  also  of  the  general  structure 
assigned  to  the  districts,  and  of  their  occurrence  at  the  intersection 
of  cross  anticlinals  as  well  shown  in  the  case  of  the  recovered  Tudor 
and  North  Lodes  at  Waverley,  and  in  the  districts  of  Waverley  and 
Sherbrooke  generally,  which  are  types  of  all  tho  known  gold-districts 
of  Nova  Scotia. 

These  proofs  are  thus  referred  to  by  the  Chief  Comim'ssioner  of 

*  See  '  Beports  on  the  Waverley  and  Shcrbrcoke  Gold-Districts,*  by  the 
Aathor. 
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lOnes  in  his  Eeport  for  last  year* : — "  The  most  notioeable  featoro 
in  thifl  district  is  the  tracing  of  the  southern  outcrop  of  the  oeLe- 
brated  Tudor  Lode,  by  a  series  of  openings  connecting  two  points 
1100  feet  distant,  and  thus  proving  the  correctness  of  the  vievs 
entertained  by  Professor  Hind  of  the  geological  structure  of  this 
district,  as  described  in  his  report  and  fuUy  exemplified  in  the  map 
accompanying  that  Report." 

They  are  also  noticed  by  the  Inspector  of  Mines,  who  states : — 
"  The  trending  of  the  strike  of  this  lode  towards  the  north  and  east 
has  been  followed  from  the  shafts  to  within  a  few  feet  of  the  old 
workings  on  the  Tudor  Lode ;  and  its  identification  with  that  lode 
has  been  established,  and  the  construction  assigned  by  Professor  Hind 
to  this  part  of  Waverley  district  confirmed"t. 

EXPLANATION  OF  PLATE  XXX. 

Fig.  1*  Map  of  parts  of  Halilu  and  Hants  counties,  Nova  SooUa,  showing  the 

outcrop  of  the  GneijBsoid  aeries  and  the  position  of  the  GK>ld-districts.  Scale 

12  miles  to  1  inch. 
Fig.  2.  General  section  from  Lawrence  Town  to  Windsor  (line  A-B  in  flg.  1). 
Fig.  3.  Sketch  section  from  the  AtLantio  at  Halifax  to  UieSt  lAwrenoe,  showing 

four  Laurentian  axes. 
Fig.  4.  Map  of  part  of  Guysborough  county,  NoYa  Sootia,  showing  the  outcrop 

of  the  Gneiss  and  the'position  of  the  Gbld-districts.   Scale  8  mues  to  1  inch. 

(The  names  of  the  gold-districts  are  in  capitals,  with  lines  abore  and  below 

them.) 
Fig.  5.  Section  from  Cochran's  Hill  to  Bums  Tilt  (line  A-B  in  fig.  4). 
Fig.  6.  Map  of  part  of  New  Brunswick  between  Bay  of  Ghalenrs  and  the  State 

of  Maine,  snowing  the  disposition  of  the  Gneissoid  series.   Scale  36  miles 

to  1  inch. 

DiSCUSSIOK. 

Principal  Dawson  spoke  in  confirmation  of  the  fact  that  the 
Palaeozoic  rocks  are  underlain  by  Laurentian  gneiss  &c.  quite  to 
the  eastern  coast  of  British  Noith  America,  and  stated  that  the 
same  relation  occurred  in  Newfoimdland,  and  had  been  traced  south- 
wards into  Massachusetts.  He  confirmed  Mr.  Hind's  yiews  gene- 
rally, and  stated  that  the  Lower  Silurian  of  Nova  Scotia  includes  no 
great  fossiliferous  limestone  like  that  of  the  interior  of  North 
America.  The  supposed  Eozoon  discoyered  by  Dr.  Honeyman  was 
probably  distinct  from  E.  canadense,  but  was  certainly  a  Foramini* 
feral  organism  allied  to  Eozoon;  but  as  Eoioon  boTiemicum  is  of 
later  date  than  E,  canadense^  the  presence  of  Eozoon  did  not  neces- 
sarily indicate  Laurentian  age. 

Prof.  Eambay  suggested  that  other  organisms  besides  Eozoon  aided 
in  building  up  these  great  calcareous  masses.  He  inquired  as  to 
the  mode  of  occ  irrence  of  gold,  and  suggested  that  the  gold  is  ob« 
tained  at  the  anildinals  merely  because  the  exposure  is  better^  and 
that  it  will  be  found  to  pervade  the  synclinals  also. 

Mr.  Henby  B.obd?son  had  visited  the  Waverley  district,  in  oom* 

*  Report  of  the  Chief  Commissioner  of  Mines  for  the  Prorinoe  of  Nova  Sootia 
for  the  yenr  1869,  p.  9 :  Halifax,  1870. 
t  Ifnd,  p.  88. 
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pany  with  Profl  Hind,  in  the  winter  of  1868,  at  which  time  the 
mining  on  the  lodes  referred  to  in  the  map  before  the  Society  was 
at  a  standstill,  the  lodes  having  been  lost  by  reason  of  a  fault.  He 
thought  it  was  very  satis£Eictory  to  find  that  the  theoretical  position 
which  Prof.  Hind,  from  his  explorations,  assigned  to  the  lodes  had 
been  completely  verified.  Mr.  Eobinson  also  stated  that  gold  is 
l>eing  mined  in  the  synclinals  by  sinking  shafts  and  driving  cross 
cuts. 

Kr.  Hind  remarked  that  all  the  Lower  Silurian  in  Nova  Scotia 
was  auriferous,  and  that  the  gold  was  derived  from  the  underlying 
Lanrentian  rocks.  He  stated  that  Sir  W.  E.  Logan  had  indicated 
an  auriferous  zone  in  the  Laurentian  of  Canada.  Gold  was  finely 
distributed  in  the  slates  of  Nova  Scotia,  as  in  Victoria,  in  the  neigh* 
bourhood  of  lodes,  according  to  Mr.  B.  Brough  Smyth. 


Mat  11,  1870. 

Sir  William  Baggo,  Bart.,  M.P.,  of  Stradsett  Hall,  Market  Down- 
ham,  Norfolk ;  Colonel  James  Leslie  Tait,  of  Montgomery,  Alal)ama, 
U.S,,  and  Dr.  C.  C.  Caruana,  of  the  Malta  University,  were  elected 
Fellows  of  the  Society, 

The  following  communications  were  read : — 

1.  NoTBS  on  some  specimens  of  Lower  Silurian  Trilobites.  By  E. 
BiLUKOs,  Esq.,  E.G.S.,  PalsBOntologist  of  the  Geological  Survey 
of  Canada. 

(Plates  XXXI.  and  XXXn.) 

1.  Asaphus  platycephalus,  with  some  of  the  legs  preserved. 
This  specimen  was  collected  in  the  Trenton  Limestone,  at  the' city 
of  Ottawa,  about  ten  years  ago.  When  discovered  it  was  lying  flat 
upon  a  thin  slab  of  limestone,  and  well  preserved,  with  the  ex- 
ception of  the  eyes,  which  seem  to  have  been  forced  inwards  by 
pressure  from  above.  It  was  also  divided  into  two  pieces  by  a 
fissure  which  extended  diagonally  across,  from  the  first  segment 
of  the  thorax  on  the  left  side  to  the  fifth  segment  on  the  right. 

It  remained  in  the  Museum  for  several  years  without  attracting 
particular  attention,  until  one  day,  observing  that  the  part  in  front 
of  the  fissure  was  somewhat  loosely  attached,  I  removed  it,  and  was 
surprised  at  finding,  on  the  underside,  not  only  the  hypostoma  in 
place,  but  also  what  appeared  to  be  some  of  the  legs  of  the  animal. 
As  the  part  behind  tiie  fissure  was  more  firmly  attached  to  the 
stone,  I  had  it  cut  across  iust  behind  the  eighth  segment  by  the 
lapidary  of  the  Survey.  The  remainder  o£  the  thorax  was  then 
easily  split  ofi*.  The  pygidium  came  off  with  difficulty  and  in  two- 
pieces.  All  the  pieces  were  then  fastened  together ;  and  we  thus 
obtained  two  specimens,  one  of  which  shows  the  underside  of  the 
Trilobite,  and  the  other  its  impression  on  the  stone. 

On  the  underside  (PI.  XXXI.  fig.  1)  a  broad  shallow  groove  extends 


uigitized  by 


Google 


480  £S0CSSD1KG6  OF  XEB  OJEOLOOICAL  fiOdETT.  [Hsj  11, 

from  the  space  between  the  two  lohes  of  the  hypostoma,  where  we 
must  suppose  the  mouth  to  be  situated,  backwardis  along  the  median 
line  to  the  pygidium.  This  corresponds  in  position  to  the  stenram 
of  the  ordinary  Crustacea.  The  legs  are  arranged  in  eight  pairs,  the 
bases  of  each  pair  being  situated  exactly  under  one  of  the  eight  seg- 
ments of  the  thorax,  and  at  the  sides  of  the  sternal  groove. 

The  legs  of  the  first  pair  are  better-preserved  than  the  others. 
They  curve  forwards  and  can  be  traced  to  a  point  nearly  under  the 
outer  edge  of  the  eye,  or,  rather,  between  the  eye  and  the  outside  of 
the  head.  The  other  seven  pairs  follow  at  the  average  distance  of 
two  and  a  half  lines  from  each  other.  The  eight  pairs  thus  occupy 
about  twenty  lines  of  the  length  of  the  ventral  surface.  This  is 
exactly  the  length  of  the  thorax,  measured  on  the  upperside.  This 
trilobite  has  always  eight  segments  in  the  thorax ;  and  thefe  is  thus 
on  the  underside  one  pair  of  appendages  to  each  segment.  Although 
some  of  them  are  very  imperfect,  and  the  portions  that  remain  are 
somewhat  displaced,  with  a  little  study  of  the  specimen  it  can  be 
seen  that  they  all  curve  forwards,  and  are  thus,  most  probably,  am- 
bulatory rather  than  natatory  legs. 

There  appear  to  be  several  joints  in  each  of  these  appendages;  but 
the  exact  number  cannot  be  made  out.  On  the  left  side,  tiie  first 
four  legs  show  very  clearly  that  there  are  at  least  two,  one  at  &ve 
lines  from  the  side  of  the  groove,  and  another  about  three  lines  fur- 
ther out.  The  position  of  each  of  these  is  indicated  by  a  small  protu- 
berance ( Fl.  XXXI.  fig.  1 ,  n) .  On  the  right  side  the  preserved  portions 
of  the  legs  are  longer,  and  thus  indicate  a  greater  number  of  arti- 
culations, although  they  cannot  be  distincdy  seen.  I  think  that 
each  leg  consisted  of  at  least  four  or  five  articulations. 

On  the  pygidium  there  are  three  small  ovate  tubercles,  arranged 
in  a. line,  that  seem  to  be  organic  (^g,  1,  d);  and  if  they  are  so,  they 
are,  perhaps,  the  processes  to  which  respiratory  feet  were  attached. 

The  lengUi  of  the  specimen  is  four  and  a  half  inches,  and  the 
width  two  and  a  half  inches.  On  a  side  view  the  height  of  the 
head  just  behind  the  eyes  is  nine  lines,  and  at  the  middle  of  the 
thorax  about  seven  lines.  The  depth  of  the  internal  cavity  at  the 
back  part  of  the  head  is  seven  lines,  and  at  the  last  segment  of  the 
thorax  four  lines.  The  plane  in  which  the  legs  are  situated  is 
therefore  not  so  low  down  as  the  extremities  of  the  pleurae.  The 
visceral  cavitv  is  thus  about  one-third  less  than  the  whole  bulk  of 
the  animal  (PI.  XXXTI.  ^g.  1). 

The  above  is  all  that  I  desire  to  say  at  present  concerning  this 
remarkable  specimen.  The  first  and  all-important  point  to  be  de- 
cided is,  whether  or  not  the  forms  exhibited  on  its  imderside  are 
tiuly,  what  they  appear  to  be,  locomotive  organs.  If  this  question 
be  decided  in  the  affinliative,  it  will  then  remain  for  Carcinologists 
and  others  to  homologizc  them  with  the  limbs  of  existing  Crustacea. 
It  is  scarcely  necessaiy  to  remark,  in  this  place,  that,  in  view  of 
the  great  zoological  questions  that  are  at  present  being  discussed, 
the  correct  determination  of  the  affinities  of  the  Trilobites  is  of  ex- 
traordinary importance. 
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A  short  notice  of  the  epecimen  was  drawn  up  and  read  before  the 
Natural-History  Society  of  Montreal  in  1 8 64.  Publication,  however, 
was  delayed,  partly  because  I  hoped  to  obtain  additional  evidence, 
but  principally  because  1  wished  to  have  the  specimen  first  exhi- 
bited to  the  Geological  Society,  and  examined  by  as  many  of  the 
Fellows  as  possible.  Feeling  somewhat  apprehensive  that  it  would 
be  difficult  to  persuade  geologists  and  pala}ontologi8ts  into  the  belief 
of  the  existence  of  trilobitic  legs  by  figures  and  descriptions  alone, 
I  thought  it  better  to  wait  until  the  paper  and  the  specimens  could 
be  laid  before  the  Society  at  the  same  time. 

During  the  six  years  that  have  elapsed,  a  vast  number  of  Trilo- 
bites  have  passed  through  my  hands,  but  nearly  all  of  them  in  a 
fragmentary  condition.  Among  such,  I  am  satisfied,  we  may  seek 
in  vain  for  any  traces  of  locomotive  organs.  We  can  only  expect 
to  find  them  in  perfect  or  nearly  perfect  specimens.  These  latter, 
considering  the  prodigious  multitude  of  these  animals  that  must 
have  existed  in  the  Silurian  and  Devonian  seas,  are  not  abundant 
fossilfl ;  at  least  they  are  not  so  in  our  Canadian  rocks.  For  ex- 
ample, during  the  twenty  years  that  I  have  collected  fossils,  I  do 
not  believe  that  I  have  seen  fifty  specimens  of  A,  platycephalus  with 
with  the  head,  thorax,  and  pygidium  all  in  connexion.  We  have 
had  a  number  of  those  belonging  to  the  provincial  collection  cut  up 
and  polished,  vrithout  any  success  whatever.  They  were  not  the 
best  ones,  but  they  were  as  perfect  as  was  the  subject  of  this  notice 
before  it  was  split  apart.  There  are  others  in  the  collection  which 
may  have  the  underside  preserved ;  but  we  do  not  like  to  sacrifice 
them.  Although  no  additional  evidence  of  the  existence  of  limbs 
was  discovered,  several  points  in  the  structure  of  other  parts  were 
ascertained,  which  wiU  be  described  further  on.  As  Sir  W.  E.  Lo- 
gan is  about  visiting  London,  and  has  kindly  offered  to  take  charge 
of  this  paper,  and  will  also  take  the  specimens  with  him,  I  shall 
delay  pubUcation  no  longer. 

2.  Discovery  of  the  Panderian  Organ*  in  several  American  species 

of  Asaphus. 
The  evidence  afforded  by  the  specimen  above  described,  and  others 
of  which  I  have  made  sections,  proves  that  in  the  genus  Asaphits 
the  underside  was  not  flat,  but  somewhat  concave.  In  the  head,  on 
each  side  of  the  mouth,  there  was  a  cavity  like  that  which  occurs  in 
the  existing  king  CTah—Idmulus  Polyphemus,  The  position  of  these 
cavities  is  at  c  c,  in  PI.  XXXI.  ^^,  i.  They  are  partially  fiUed  up 
in  the  specimen ;  but  I  have  ascertained  their  deptii  to  be  about  five 
lines  in  another  individual  of  the  same  size.  The  ends  of  the 
pleurse  projected  downwards  a  short  distance  below  the  level  of  the 
sternum.  The  pygidium  was  also  concave  at  the  sides,  with  a  por- 
tion along  the  middle,  holding  the  intestine,  convex.  This  structure 
can  be  seen,  in  part,  by  examining  the  slab  from  which  the  specimen 

*  Dr.  Volborth  calls  the  organs  in  question  *^die  Pander  schen  Organe,"  a  term 
of  which  I  heartily  approye,  as,  if  ^nerally  adopted,  it  will  permanently  asBO- 
ciate  Dr.  Pander's  name  with  his  discovery.  ^^ 
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above  noticed  was  split.  PortionB  of  the  lower-margins  of  the  head 
and  tail,  and  the  extremities  of  some  of  the  pleurae,  remained  stick- 
ing in  the  stone.  It  can  also  be  proved  by  polished  sections  through 
the  head  and  tail  of  any  well-preserved  specimen.  Such  sections 
usually  show  that  a  portion  of  the  crust,  called  the  "  doublure  "  by 
Barrande,  all  round  the  margin  is  folded  under  and  reflected  upwards, 
ending  in  a  free  thin  edge  (PL  XXXI.  figs.  2,  3,  4).  The  pleurae 
have  also  a  doublure,  which  extends  upwards,  nearly  halfway  to  the 
median  lobe  of  the  body.  In  consequence  of  this  structure  the  ex^ 
tremities  of  the  pleuras  are  hollow,  exactly  like  those  of  a  lobster. 

In  Limvlvs  a  similar  doublure  occurs ;  and  we  can  see  there  that 
it  is  continuous  with  the  thin  membranous  crust  which  coven  the 
underside  of  the  body  and  bears  the  limbs.  Between  the  sternum 
of  LimtduSf  with  its  load  of  ponderous  legs,  and  the  doublure  there 
is  no  oonnexion,  all  round,  except  this  finogile  membrane.  In  con- 
sequence of  this  etruoture  it  often  comes  away  with  all  ita  appen- 
dages, leaving  nothing  of  the  animal  except  its  huge  carapace, 
pygidium,  and  telson.  Specimens  of  this  great  crab  in  this  condi* 
tion  are  common  in  museums. 

In  the  genus  Asaphus,  and,  no  doubt,  in  all  other  Trllobites,  ihe 
doublure  is,  as  in  these  imperfect  specimens  of  Idmidtts,  only  the 
remains  of  the  integument  which  covered  the  underside  and  sup- 
ported the  sternum.  These  two  genera,  however,  differ  widely  in 
other  respects. 

The  doublure  of  A,  platycephdlus  was  figured  by  Dr.  Bigsby  so 
long  ago  aa  1823,  in  the  Geological  Transactions,  2nd  series,  vol.  i. 
pL  xxvii.  fig.  1  (J,  among  the  illustrations  of  his  paper  "  On  the  Geo- 
graphy and  Geology  of  Lake  Huron."  The  figure  shows  a  section 
through  the  doublure  on  the  right  side,  just  in  front  of  a  line  drawn 
across  the  head  through  the  centres  of  the  eyes.  In  the  description 
of  the  figure  the  true  character  of  the  part  in  question  is  recog- 
nized, by  the  remark  that  "  the  shelly  crust  of  the  under  side  joins 
the  upper  at  the  sides"  It  is  also  shown  in  fig.  1 5,  on  the  same 
plate,  which  represents  the  underside  of  the  same  specimen,  with 
the  hypostoma  in  place*.     In  that  paper  this  now  famous  Trilobite 

*  This  is  tbe  second  hypostoma  ever  figured.  Barrande,  in  his  great  work  on 
the  Trilobiteu  of  Bohemia,  oommenoes  the  liistoryof  the  organ  in  question,  thus:-— 

♦*A-  Ikmntes  Hittariques. 

*'  1821.  Lenlus  anoien  hjpostome  oonnu,  est  figur6  et  dterit  par  Wahlenherg, 
sous  le  nom  ae  Entomoairaoitea  bucephahts  (Not.  Act.  Soo.  Sci.  UpaaL  yiiL  37, 
pi.  i.  fig.  6). 

"  1822.  Ch..  Stokes  d^uvre  sous  la  tdte  d^Asaphtts  platycepKcdus  (Jsoteius 
ffigaSf  De  K.)  une  piece  crustaoee,  plac4e  a  I'entr^e  de  Vestomao;  et  il  la  dterit 
dans  les  Transact.  06ol.  (nouv.  ser.  i.  208,  pl.  27). 

**  Ia  mdme  ann^  le  savant  Am^rioain  De  Kay  d^rit  et  reprSsente  le  meme 
appareil  que  nous  retrouvons  figur^  par  Buckland  dans  les  Bridgew.  Treatises^ 
en  1837."    (Barrande,  Systeme  Silurien  &c.  vol.  i.  p.  154.) 

There  is  a  difficulty  about  the  nomenclature  of  this  Trilobite,  owing,  in  part, 
to  some  uncertainty  as  to  the  true  dates  of  publication.  In  the  later  reports  of 
our  survey  we  have  adopted  the  name  given  to  it  by  Stokes,  while  most  American 
authors  call  it  either  Aaaphas  gigas  or  Isotelus  gigw.    Dr.  Bigsby's  paper  was 
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was  first  made  known  to  science.  It  was  named  by  Mr.  Stokes. 
Very  numerous  figures  of  the  doublure  of  different  species  of  Trilo- 
bites  may  be  seen  in  the  large  works  of  Barrande,  Salter,  and 
others ;  but  it  is  described  by  some  as  a  portion  of  the  orust,  folded 
imder  to  givo  greater  strength  to  the  margins  of  the  head  and  tail. 
This,  however,  is  not  the  whole  of  its  interpretation.  It  is  (as 
aboTS  stated)  a  part  of  the  underside,  which,  on  account  of  its  greater 
thickness  and  hardness,  is  usually  preserved,  while  the  more  mem^ 
bninons  and  fragile  portions  have  disappeared. 

About  twelve  years  ago.  Dr.  Pander  discovered  some  small  scars 
and  tttberdes  on  the  inner  surface  of  the  doublure  of  the  Russian 
Trilobite^.  expantua;  and  they  were  afterwards  described  and  figured 
by  Br.  A.  Yolborth  in  several  papers*.  He  supposes  them  to  indi- 
cate the  paints  of  attachment  of  soft  swimming-feet.  Eichwald  has 
also  described  and  figured  the  same  organs  in  A.  Sekloiheimiif  but 
maintains  tiiat  they  are  the  sockets  of  the  first  segments  of  hard, 
homy,  artiealatedy  ambulatory  legsf.  Theae  two  distinguidied 
naturalists  have  discussed  the  points  in  diffsronoe  between  them  at 
length,  and  with  their  well-known  ability,  in  the  works  cited  below. 
X  have  discovered  the  same  organs  in  three  of  our  species — A,  jplu" 
tyeephaluaj  A.  canadensis,  and  A.  megistos.  They  are  small  rounded 
or  ovate  soars,  with  an  elevated  protuberance  on  one  side.  They 
are  situated  on  the  doublure,  close  to  the  anterior  margins  of  the 
pleuiffi.  The  protuberance  leaves  a  small  but  distinctly  marked  pit 
in  the  cast  of  the  interior,  as  is  shown  in  PI.  XXXI.  fig.  5.  That 
organs  of  some  kind  were  here  attached,  I  think  there  can  be  little 
doubt  But  what  was  their  function?  If  they  were  legs,  then 
AMvphuB  must  have  had  four  parallel  rows  of  limbs  beneath  the 
thorax.  If  the  two  inner  rows  were  ambulatory,  as  I  suppose  those 
of  our  Tnlobite  to  have  been,  then  the  two  outer  rows  may  have 
been  natatory,  as  Dr.  Yolborth  maintains.  Eichwald  figures  several 
slender  articulated  organs,  which  he  supposes  to  be  the  legs  of  Tri- 
lobites ;  and  indeed  they  resemble,  not  remotely,  those  of  our  spe- 
cimen. For  convenience  of  reference,  I  have  copied  his  figures 
(Plate  XXXI.  fig.  6),  If  they  are  truly  the  same  organs,  he  would 
still  be,  to  some  extent,  wrong ;  for  he  thinks  they  were  attached 
to  the  doublure. 

read  February  2lBt,  March  7th,  and  2lBt,  1828.  It  is  usuallj  cited  under  the 
date  of  1822.  In  his  article  on  the  Minerals  and  Fossils  of  Canada,  published 
in  Sillimaa's  Journal  in  1824,  vol.  yiii  p.  84,  he  alludes  to  it  thus : — "  J  beg  to 
refer  to  three  figures  of  large  unknown  trilobites,  published  last  year-  in  the 
Qeological  Tranmctions  of  London."  I  infer  from  tins  that  the  portion  of  the 
Transactions  containing  hispaper  was  issued  in  1823.  De  Kay's  paper,  in  which 
the  speeies  was  first  called  fsotelus  giga^t,  was  read  before  the  New  York  Lyceum 
of  Natural  History,  October  27th,  1823.  It  is  generally  quoted  with  the  date 
1824. 

*  (1)  Deutsche  Petersb.  Akad.  Zeitung,  1857,  No.  255 ;  (2)  Yerhandl.  der 
kaiserL  miner.  Gesellsch.  Jahrg.  1857-58,  p.  168;  (3)  M^.  Acad.  Imp.  St.  P^- 
tersbourg,  tome  yi.  No.  2, 1863;  (4)  Bull.  Soo.  Imp.  Nat.  Mosoou,  No.  1, 1866. 
I  hare  only  seen  the  last  two  of  thiese. 

t  Letboa  Bossica,  yol.  i.  pt.  2.  p.  1364,  pi,  52.  fig.  94. 
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3.  Are  Protichnites  and  ClimactichniteB  the  tracks  of  Trihhita^ 

In  his  description  of  Protichnites,  Prof.  Owen  aays: — "The 
Limtdus,  which  has  the  small  anterior  pair  of  L'mbs  (near  Ihe 
middle  line)  and  the  next  four  lateral  pairs  of  limbs  bifarcata 
at  the  free  extremity,  the  last  pair  of  lateral  limbs  with  four 
lamelliform  appendages,  and  a  long  slender  hard  tail,  camee  the 
nearest  to  my  idea  of  the  kind  of  animal  which  has  left  the  impres- 
sions on  the  Potsdam  sandstone  ''♦.  In  1862,  Dr.  J.  W.  Dawsoii 
tested  this  opinion  by  actual  experiment,  on  a  sandy  beach  near  the 
mouth  of  the  Scarborough  riTcr,  on  the  coast  of  Maine.  Having 
caught  a  Limulus  he  kept  it  alive  for  several  days,  and  ^  tried  its 
mode  of  locomotion  under  various  conditions  on  the  sandy  shore,  and 
preserved  sketches  of  the  markings  "f.  His  figures  and  descriptions 
prove  clearly  that  the  tracks  on  the  sandstone  could  have  been  made 
by  an  animal  having  a  structure  like  that  oi  Limulus,  The  grooves 
along  the  side  of  the  track  were  made  by  the  edges  of  the  broad 
cephalothorax,  the  bmall  pit-like  impressions  by  the  extremities 
of  the  large  limbs,  the  transverse  grooves  by  the  lamelliform  feet, 
and  the  median  groove  by  the  telson.  If  it  be  granted  ihjdiAsapkus^ 
in  addition  to  its  thoracic  legs,  possessed  a  set  of  lamellar  swimming- 
appendages  under  the  pygidium,  then  the  structure  of  the  under- 
surfacc  would  be  sufficiently  like  that  of  Limulus  to  enable  it  to 
produce  the  same  markings.  The  median  groove  might  be  made  by 
a  Trilobitc  with  a  caudal  spine  like  that  of  Megalaspis  heros  (Angelin). 
This  species  is  a  true  Asaphus,  The  large  TYilobite  of  the  Potsdam 
sandstone,  Bikelocephalus,  differs  little  in  general  structure  j&om 
Asaphus,  while  the  pygidium  of  several  of  the  species  evinces  a  ten- 
dency to  become  spinous  around  the  margin.  The  genus  Agla^pis 
(Hall)  appears  to  me  to  be  a  Trilobite  of  the  same  group;  and,  more- 
over, the  specimens  figured  seem  to  be  the  tail  and  not  the  head. 
What  are  supposed  to  be  the  eyes  are  the  bases  of  two  spines,  like 
the  one  that  occurs  on  the  pygidium  of  Baihyurus  spiniger  {Addas' 
pis  spiniger.  Hall). 

Dr.  Dawson,  after  comparing  all  the  facta,  says : — *^  On  the  whole 
we  may  safely  conclude  that,  if  any  of  the  larger  primordial  Trilobites 
were  provided  with  walking-  and  swimming-feet  of  the  type  of 
those  of  Limulus  J  but  dififering  in  details  of  structure,  they  may  have 
produced  both  the  Protichnites  and  the  Climactichnites"  Prof. 
J.  D.  Dana,  also  speaking  of  the  latter,  says : — "  It  has  been  re- 
garded as  the  track  of  a  ver}'  large  Gasteropod ;  but  it  is  quite  as 
probable  that  it  was  made  by  the  clusters  of  foliaceous  appendages 
of  one  of  the  great  Trilobitee — these  appendages  being  its  locomotive 
organs"t.  The  following,  therefore  is  the  present  state  cf  the  ques- 
tion : — 

1.  The  tracks  could  have  been  made  either  by  a  Limulus  or  by  a 
Trilobite. 


*  Quart.  Journ.  Qeol.  Soc.  toI.  viii.  p.  224. 

t  Canadian  Naturalist  and  Geologist,  vol.  vii.  p.  276. 

X  Manual  of  Qeology,  p.  185. 
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2.  No  fossils  of  the  order  (Xiphosura)  to  which  Limidu8  belongs 
liave  been  found  so  low  down  as  the  Potsdam  sandstone. 

3.  Large  Trilobites  occur  there  in  abundance. 

The  weight  of  the  evidence,  therefore,  favours  the  opinion  that 
the  tracks  in  question  are  those  of  Trilobites.  It  is  important  to 
"bear  in  mind  that  Protichnites  and  Climaetlchnites  occur  together  on 
the  same  slabs  of  sandstone.  Dr.  Dawson's  observations  clearly 
prove  that  both  might  have  been  made  by  an  animal  of  the  same 
species  under  different  circumstances,  accordingly  as  its  walking-  or 
its  swimming-feet  were  made  use  of.  Judging  from  the  width  of 
the  tracks,  I  believe  that  several  of  those  of  both  kinds  on  one  of  the 
slabs,  now  in  the  Museum  of  tho  Survey,  were  made  by  the  same 
individuaL 


4,  On  a  rotled'Up  specimen  of  Calymeno  senaria^Ze<i  with  small 
ovate  bodies. 

It  is  above  stated  that  while  seeking  for  additional  evidence  re- 
lating to  the  limbs  of  Trilobites,  a  number  of  specimens  were  cut  up 
and  polished.  One  of  these  was  an  exceedingly  perfect,  roUed-up 
Calymene  senaria,  from  the  Hudson-Biver  group  at  Cincinnati,  in 
Ohio. 

This  animal'(Pl.  XXXII.  fig.  3)  appears  to  have  shut  itself  up  so 
completely  that  the  fine  mud  in  which  it  was  buried  could  only 
gaia  access  through  tho  small  fissure  at  a,  where  the  points  of  the 
.head  and  tail  come  together.  There  is  here  a  small  space,  within 
the  letters,  c,  d,  e^  /,  which  is  of  a  light  yellowish  brown.  I  think 
that  neither  the  mud,  nor  even  the  muddy  water,  penetrated  fur- 
ther. There  is  no  trace  of  comminuted  fossils  in  this  space,  as  there 
is  in  most  specimens  that  I  have  cut  up.  The  whole  of  the  re- 
mainder of  the  cavity  is  filled  with  a  greenish-grey  spar,  with  a 
patch  in  the  back  part  of  the  head  at  6  of  a  different  colour.  This 
spar  holds  avast  number  of  small  ovate  bodies  (fig.  4),  of  which  tho 
greater  diameter  is  about  an  eightieth  of  an  inch,  and  the'  lesser  a 
hundredth.  They  are  of  a  lighter  colour  and  more  opaque  than  tho 
matrix.  WKen  examined  with  a  good  glass,  and  under  favourable 
light,  they  seem  to  float,  as  it  were,  in  the  spar.  The  hypostoma 
c  rf,  is  in  place,  and  is  here  cut  through.  From  the  end  of  the  taQ, 
at  tf,  a  thin  rough  line  runs  inwards,  nearly  to  the  large  spot  at/, 
and  is  obscurely  indicated  thence  to  the  end  of  the  hypostoma 
at  e.  The  spot  /  appears  to  bo  organic.  It  is  of  an  ovate  form, 
and  has  four  or  five  obscure  ribs  across  it  at  right  angles  to  its 
greater  diameter.  There  are  other  dark  spots  scattered  irregularly 
throughout  the  matrix,  that  possibly  may  represent  organic  struc- 
tures. 

It  is  possible  that  the  line  e  fc  may  represent  the  edge  of  the 
ventral  integument  cut  through ;  for  in  a  rolled-up  trilobite  this 
must  be  exactly  its  position.  The  small  ovate  bodies  I  believe  to 
be  the  eggs. 
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BXPLANATIOK  OF  PLATBS  XXXI.  ft  XSXn. 

Plati  XXXI. 

Fig.  1.   Jiaphus  plaipcephidta,  Stokes. — Underside,  showing  the  legs :    a  b, 

Buture  ttirougn  the  doublure ;  c,  c,  caritiei  on  eaoh  aide  of  the  hypoetotna ; 

tf,  d^  tuberdee  on  the  pygidium ;  //,  cephalic  doublure ;  ^  /,  the  two  lobee 

of  the  hypoetoma ;  «n»  poeition  of  the  mouth ;  w,  n, «,  n,  joints  in  the  Xege^ 
Fig.  2.  TransTerse  ideal  section  through  the  thorax :  a,  h,  the  doublure  of  the 

pleurro ;  p,  poeition  of  the  Pandevian  organ.    The  dotted  line  fh>m  h  to  b 

indicates  the  contour  of  the  rentral  surfADfr. 
Fig.  3.  Ideal  section  through  the  head,  cutting  off  the  points  of  the  h^portooui, 

/,  A  in  a  plane  passing  through  the  eyes :  1,  2,  position  of  the  Ist  and  2od 

pairs  of  legs. 
Fig.  4.  Section  through  the  tail  of  a  smaU  specimen,  showing  the  doublure,  ff. 
Fig.  5.  Three  pleune  restored,  showing  the  position  of  the  Fanderian  oi^gan  nt 

p'y  Oy  bf  portion  of  the  pleura  remoTed. 
Fig.  G.  Supposed  leg  of  Trilobite,  figured  by  Eichwald :   a,  natural  aixe ;    b, 

enlarged. 

Plate  XXXIL 
Fig.  I.  Asaphus  ^atycephtdtis. — Side  Tiew  of  the  specimen  which  shows  the 

legs,  somewnat  restored.    The  dotted  line,  a  6,  represents  the  position  of 

the  plane  of  the  yentral  surface  nearly. 
Fig.  2.  Dorsal  yiew  of  the  same ;  the  dotted  lines  indicate  the  position  of  the 

hypostoma  and  legs. 
Fig.  3.  Cahfmene  tenaria. — Section  through  the  axis  of  the  thorax :  a,  junc- 
tion of  head  and  tail ;  6,  bock  of  the  head ;  r  i£,  hypostoma ;  ^  end  of  the 

tail ;  /,  a  body  showine  structure. 
Fig.  4.  A  group  of  the  small  bodies  in  fig.  3,  enlarged  8  diameters. 
Fig.  5.  The  organic  body  seen  at /in  fig.  4,  enlarged  3  diameters. 

Discussion.  / 

Mr.  WooDWA&D  had  carefully  examined  Mr.  Billings's  ^eoimeii). 
and  agreed  with  him  in  considering  that  there  was  undonhtejl 
evidence  of  the  presence  of  walking^appendages  under  tihe  thorax^ 
The  presence  of  such  limbs  might  a  priori  have  been  expected ;  and 
the  nature  of  the  test  suggested  that  the  Trilobites  were  walking 
rather  than  swimming  forms  of  Isopods.  The  bronchie  had  pro- 
bably been  under  the  telson ;  and  this  would  account  for  its  large  de- 
velopment. It  was  not  more  surprising  to  find  highly  organised 
Trilobites  than  it  was  to  find  suc^  highly  ergonized  crustaceans  as 
Pterygolus,  Ewrypterus  and  SUnifmia  in  the  same  beds; 

Prof.  KiTPERT  Jomss,  Principal  Dawsok,  and  Sir  Wk.  Logajt 
mode  some  remarks,  more  espemlly  on  Protichnites  and  Ch'mactich* 
nites — the  latter  having  been  explained  as  galleries  of  Trilobites,  by 
Prof.  Jones,  when  first  exhibited  in  England. 


2,  NoTS  (m  the  Palpus  and  other  Appskbaoss  of  AsApnus,  from 
the  Trenton  Limestone,  in  the  British  Museum,  By  Hsnbt 
Woodward,  Esq.,  F»G.S.,  F.Z.S. 

Having  been  requested  by  Sir  William  Logan  to  examine  the  Tri- 
lobite sent  over  by  Mr.  Billings  ft-om  Montreal,  I  was  led  to  com- 
paro  it  with  certain  specimens  in  the  British -Museum  collection^ 
presented  by  Dr.  J.  J.  Bigsby,  F.R.S.,  some  years  since. 
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Fig.  1. — Buccal  organs 
o/Asaphufl  plalyce- 
phalus. 


I  was  at  once  attracted  by  a  speci- 
men of  AiaphuSy  from  the  Black  Trentx)n 
Limestone  (Lower  Silurian),  which  has 
been  much  eroded  on  its  upper  surface, 
leaving  the  hypostoma,  and  what  appear 
to  be  the  appendages  belonging  to  the  first, 
second,  and  third  somites,  exposed  to 
view,  united  along  the  median  line  by 
a  longitudinal  ridge.  The  pseudo-ap- 
pendages, however,  have  no  evidence  of 
any  articulations.  But  what  appears  to 
me  to  be  of  the  highest  importance,  as 
a  piece  of  additional  information  afforded 
by  the  Museum  specimen,  is  the  dis- 
covery of  what  I  believe  to  be  the  jointed 

palpus  of  one  of  the  maxill»  (Fig.  1),  which  has  left  its  impres- 
sion upon  the  side  of  the  hypostoma — just,  in  fact,  in  that  position 
which  it  must  have  occupied  in  life,  judging  by  other  Crustaceans 
which  are  furnished  with  an  hypostoma,  as  Apus,  S&rolis,  ifec. 

The  palpus  is  9  lines  in  length ;  the  basal  joint  measures  3  lines^ 
and  is  2  lines  broad,  and  somewhat  triangular  in  form. 

There  appear  to  be  about  seven  articulations  in  the  palpus  itself, 
above  the  basal  joint,  marked  by  swellings  upon  its  tubular  stem, 
which  is  1  line  in  diameter. 

There  can  be  no  reason  to  doubt  that  the  Tnlobita  possessed  an- 
tennules,  antennte,  mandibles,  maxiUse,  and  maxillipeds,  as  we  find 
the  same  organs  preserved  in  Crustacea  of  equal  antiquity  (e,g.  Slimo- 
ma  acuminata  and  Eurypterus  remipes,  both  Upper  Silurian  forms). 
With  r^ard  to  the  "  Panderian  organs  "  mentioned  by  Mr.  BU- 
lings,  I  venture  to  suggest  that  the  small  circular  impressions,  seen 
upon  the  pleuree  of  many  Trilobites  are  only  the  fulcral  points 
upon  which  the  pleurcs  move,  and  correspond  to  the  ball-and- 
socket  joints  which  mark  the  limbs  and  segments  of  all  the  higher 
Crustacea. 

We  know  of  no  Crustaceans  having  two  pairs  of  appendages  to 
each  segment ;  but  it  is  characteristic  of  Crustacea  to  have  their 
appendices  bifid,  giving  rise  to  an  endopodite  and  an  exopodite ;  but 
these  are  always  given  off  from  a  common  base. 

Having  regard  to  the  characters  presented  by  the  Trilobita  as  a 
group.  We  should  be  inclined  to  place  them  near  to,  if  not  actually 
in,  the  Isopoda  Normalia. 

In  all  this  group,  the  branchiae  are  abdominal,  being  placed  under 
the  broad  and  well-developed  pygidium,  which  is  not  equivalent  to 
the  telson  of  the  higher  Crustacea,  but  is  composed  of  several  seg- 
ments soldered  together,  in  fact,  representing  the  true  abdomen.  It 
is  here,  then,  we  should  expect  to  place  the  branchiae  in  the  Trilo- 
bites, and  not  upon  the  epimera  of  the  body-segments. 

11  any  objection  should  be  urged  against  the  organs  observed  in 
the  specimen  in  the  British  Museum  being  really  legs,  I  would  sug- 
gest that  they  may  be  considered  good  evidence  of  tlie  presence  of 
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those  organs,  and  that  they  probably  represent  the  apodemata,  or 
infoldings,  of  the  hard  external  cmst  to  which  those  organs,  or  the 
masdes  by  which  they  were  moTed,  were  attached. 

The  prominence  of  the  hypostome  in  the  Trilobita  reminds  one 
even  more  strongly  of  the  genus  Apus  than  of  the  Isopods ;  and  it  is 
qnite  reasonable  to  expect,  in  the  Trilobita,  a  more  generalized  type 
of  stmcture  than  that  which  marks  the  modem  representatives  of 
the  class. 

The  question  will  naturally  be  asked  why  so  many  specimens  of 
Trilobites  should  be  found,  yet  no  traces  of  limbs.  It  seems  reason- 
able to  infer  that  a  large  number  of  these  fossil 'remains  are  only 
eamvtcB,  the  Crustacea  frequently  casting  their  shells.  The  detach- 
ment of  the  limbs  is  ako  a  common  occurrence  in  all  the  fossil 
Articulata,  especially  where,  as  in  the  Crustacea,  the  proximal  joint 
is  extremdy  constricted,  and,  in  consequence,  easily  disarticulated. 
f  Nor  need  we  assume  that  all  the  genera  of  this  very  extensive 
family  had  homy  or  chitinous  limbs,  seeing  that  in  the  modem 
Isopoda  a  great  ^versity  exists  in  these  organs. 

With  regard  to  the  section  of  Calymme  senaria  exhibited,  it 
seems  difficult  to  accept  the  suggestion  that  these  are  the  eggs  of 
the  same  Trilobite,  seeing  that  they  fill  the  entire  cavity  of  the  test, 
as  shown  in  the  section. 

The  publication  of  Mr.  Billings's  discovery  appears  to  me  to  be 
of  the  highest  importance  to  paleontologists ;  and  he  is  entitied  to  our 
best  thanks ;  for  his  observations  are  sure  to  excite  further  researches 
upon  the  Tiilobita,  and  thus  will  bo  the  means  of  greatly  increasing 
our  knowledge  of  this  interesting  group. 


3.  On  the  Strvctxtkr  and  Avrrsmss  of  Siotllakia,  Calamites,  and 

Calamodewdron.      By  J.  W.  Dawson,  LL.D.,  F.R.S.,  P.G.S., 

Principal  and  Vice-Chancellor  of  M'Gill  University,  Montreal. 

(The  publication  of  this  paper  is  deferred.) 

[Abstract.] 

The  object  of  this  paper  was  to  illustrate  the  structure  and  affi- 
nities of  tiie  genera  above  named,  more  especially  with  reference  to 
the  author's  previous  papers  on  the  "  Structures  in  Coal "  and  the 
*<  Conditions  of  Accumulation  of  Coal,"  and  to  furnish  new  facts 
and  conclusions  as  to  the  affinities  of  these  plants. 

"With  reference  to  SigiUaria,  a  remarkably  perfect  specimen  of  the 
axis  of  a  plant  of  this  genus,  from  the  Coal-field  of  Nova  Scotia,  was 
described  as  having  a  transversely  laminated  pith  of  the  SUmhergia 
type,  a  cylinder  of  woody  tissue,  scalariform  internally  and  reticu- 
lated or  discigerous  externally,  the  tissues  much  resembling  those 
of  Cycads.  Medullary  rays  were  apparent  in  this  cylinder ;  and  it 
was  traversed  by  obliquely  radiating  bundles  of  scalariform  vessels 
or  fibres  proceeding  to  the  leaves.  Other  specimens  were  adduced 
to  show  that  the  species  having  this  kind  of  axis  had  a  thick  outer 
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bark  of  elongated  or  prosenchymatons  celld.  The  author  stated 
that  Prof.  Williamson  had  enabled  him  to  examine  stems  found  in 
the  Lancashire  Coal-field,  of  the  type  of  Binney's  SigiUarui  vasca- 
laris,  which  differed  in  some  important  points  of  structure  from  his 
specimens;  and  that  another  specimen,  externally  marked  like 
SigiUaria,  had  been  shown  by  Mr.  Carruthers  to  be  more  akin  to 
Lepidodendron  in  structure.  These  specimens,  as  well  as  the  Siffil- 
laria  degans  illustrated  by  Brongniart,  probably  represented  other 
types  of  SigiUarioid  trees ;  and  it  is  not  improbable  that  the  genus  Si- 
ffillaria,  as  usually  understood,  really  includes  several  distinct  generic 
forms.  The  author  had  recognized  six  generic  forms  in  a  preTious 
paper  and  in  his  '  Acadian  Geology ; '  but  the  type  described  in 
the  present  paper  was  that  which  appeared  to  predominate  in  the 
fassil  Sigillarian  forests  of  Nova  Scotia,  and  also  in  the  mineral  char- 
coal of  the  coal-beds.  This  was  illustrated  by  descriptions  of 
structures  occurring  in  erect  and  prostrate  SigUlarice,  on  the  surface 
of  Stemhergia-CQsts,  and  in  the  coal  itself. 

The  erect  Calamites  of  the  coal  formation  of  Nova  Scotia  illus- 
trate in  a  remarkable  manner  the  exterior  surface  of  the  stems  of 
these  plants,  their  foliage,  their  rhizomata,  their  roots,  and  their 
habit  of  growth.  Their  affinities  were  evidently  with  Equisetacese 
as  Brongniart  and  others  had  maintained,  and  as  Carruthers  and 
Schimpcr  had  recently  illustrated.  The  internal  structure  of  these 
plants,  as  shown  by  some  specimens  collect<ed  by  Mr.  Butterworth,  of 
Manchester,  and  soon  to  be  published  by  Prof.  Williamson,  showed 
that  the  stems  were  more  advanced  in  structure  than  those  of  mo- 
dem Equiseta,  and  enabled  the  author  to  explain  the  various  ap- 
pearances presented  by  these  plants,  when  the  external  surface  is 
preserved,  wholly  or  in  part,  and  when  a  cast  of  the  internal  cavity 
alone  remains.  It  was  farther  shown  that  the  leaves  of  the  ordinary 
Calamites  are  linear,  angular,  and  transversely  wrinkled,  and  dif- 
ferent from  those  of  Asteraphyllites  properly  so  called,  though  some 
species,  as  A.  comosus,  Lindley,  are  leaves  of  Calamites. 

The  Calamodendra,  as  described  by  Cotta,  Binney,  and  others, 
and  further  illustrated  by  specimens  from  Nova  Scotia,  and  by 
several  interesting  and  undescribcd  forms  in  the  collection  of  Prof. 
Williamson,  are  similar  in  general  plan  of  structure  to  the  Cala- 
mites, but  much  more  woody  plants ;  and,  if  allied  to  Equisetacese, 
are  greatly  more  advanced  in  the  structure  of  the  stem  than  the  mo- 
dem representatives  of  that  order.  Specimens  in  the  collection  of 
Prof.  Williamson  show  forms  intermediate  between  Calamites  and 
Calamodendron,  so  that  possibly  both  may  be  included  in  one  family ; 
but  much  further  information  on  this  subject  is  required.  The 
tissues  of  the  higher  Calamodendra  are  similar  to  those  of  Gymno- 
spermous  plants.  The  wood  or  vascular  matter  of  the  thin-waUed 
Calamites  consists  of  multiporous  cells  or  vessels,  in  such  species  as 
have  been  examined. 

In  conclusion,  a  Table  was  exhibited  showing  the  affinities  of 
Sigillaric^,  on  the  one  hand  (through  Clathraria  and  Syringodetidron) 
with  Lycopodiacete,  and  on  the  other  hand  (through  Calamodendron) 
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with  Equisetaccfle ;  while  in  another  direction  they  presented  links 
of  connexion  with  Cycads  and  Conifers. 

Discussioir. 

Mr.  OAEBrTHERs  expressed  his  thanks  for  the  amonnt  of  informa- 
tion given  hy  Dr.  Dawson,  bnt  was  inclined  to  take  a  somewhat 
different  vietir  on  some  of  the  points  mentioned.  Some  time  ago  he 
had,  in  a  paper  read  to  the  Society,  deduced  from  the  internal 
structure  of  Stigmaria^  the  root  of  SigiVaria,  that  the  latter  was  a 
true  crjptogamous  plant.  He  had  since  met  with  confirmatory 
evidence  in  a  specimen  of  a  fluted  and  ribbed  Sigillaria,  showing 
the  internal  structure  of  Stigmarta,  Mr.  Baily,  in  Devonian  strata 
in  Ireland,  had  found  the  root,  stem,  branches,  leaves,  and  froit 
of  a  plant  which  could,  with  certainty,  be  correlated.  The  root  was 
a  Stigmaria,  the  stem  a  fluted  Sigillaria,  the  branches  and  leaves 
like  those  of  Lepidodendron,  and  the  fruit  that  of  a  cryptogam 
allied  to  Lepidodendron.  With  regard  to  the  American  specimens 
cited  by  the  author,  he  would  not  speak  with  certainty ;  but  he 
might  suggest  a  different  interpretation.  The  axis  was  probably 
foreign  to  the  Sigillaria  in  which  it  was  found,  and  was  a  true 
coniferous  stem  composed  of  pith,  medullary  sheath,  and  wood 
with  medullary  rays,  and  vascular  bundles  paasing  to  the  leaves. 
Plant*  growing  in  the  interior  of  decayed  Sigiilarian  stems  had  been 
mistaken  for  organic  piths,  though  they  belonged  to  two  or  three 
genera.  Dr.  Dawson's  estimate  of  Catamites  and  allied  genera 
essentially  agreed  with  those  which  he  held. 

Dr.  Dawson  thought  that  the  views  of  Mr.  Carruthers  and  his 
own  might  possibly  be  reconciled,  and  was  not  prepared  to  admit 
that  the  plant  discovered  by  Mr.  Baily  was  a  true  Sigillaria,  It 
belonged,  moreover,  to  the  Devonian  period,  and  not  to  the  Carbo- 
niferous. He  quite  agreed  with  Mr.  Carruthers  in  regarding  the 
stems  ajs  closely  allied  with  gymnosperms.  He  insisted  on  the  layer 
at  the  base  of  the  interior  of  the  trunks  of  the  erect  SigiUarice 
affording  evidence  of  the  interior  structure  of  the  plant,  inasmuch 
as  it  consisted  of  the  compressed  and  decayed  inner  tissues  of  the 
tree.  It  was  curious  that  similar  specimens  had  not  been  found  in 
England ;  but  the  structures  of  these  plants  certainly  occur  in  the 
English  Coal,  which,  like  that  of  Nova  Scotia,  rests  on  Sfigmaria- 
underclays ;  and  there  were  other  instances  of  trees  being  common 
in  the  Coal-measures  of  Nova  Scotia  which  were  extremely  rare  in 
England ;  and  the  same  discrepancies  were  found  between  different 
American  coal-fields. 


4.  Notes  on  the  Gboloot  6/  Arisato,  Nova  ScotiA.     By  the  Rev. 

D.  HoNEYMAK,  D.C.L.,  F.G.S.,  &c.,  Director  of  the  Provincial 

Museum.     WitJi  a  Note  hy  Prof.  T.  Rupebt  Jones,  F.6.8. 

[Abridged.] 

In  the  year  1864  I  communicated  a  paper  to  the  Society  on  the 

Upper  Silurian  rocks  of  Arisaig  and  their  fauna.     I  observed  then 
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that  these  rocks  were  the  type  of  a  considerahle  proportion  of  the 
Nova-Scotian  Silurian  system.  My  field  experience  since  then  has 
confirmed  this  opinion.  All  the  IJpper  Silurian  rocks  that  I  have 
examined  appear  to  he  repetitions  of  the  Arisaig  series,  "wholly  or 
partially  fossiliferous,  and  partially  metamorphic,  or  highly  meta- 
morphic,  and  "without  appearance  of  fossils,  as  at  Arisaig  itself. 
I  then  observed,  in  connexion  "with  the  B,  or  second  lowest  member 
of  my  Arisaig  series,  "  that  the  conditions  under  which  it  had  been 
formed  appeared  to  have  been  of  a  kind  not  the  most  favourable  to 
the  development  of  life."  This  statement  requires  modification.  I 
have  found  B  strata  in  Arisaig,  and  elsewhere,  somewhat  rich  in 
fossils.  At  Arisaig  Cove,  south  of  the  pier,  I  found,  in  the  summer 
of  1868,  many  beautiful  specimens  of  Orthids,  Trilobites,  Crinoids, 
and  Favosites.  In  other  localities  I  found  abundance  of  Lingular  of 
various  species,  and  a  peculiar  fossil,  singularly  and  beautifully  milled. 

I  also  observed,  in  my  former  paper,  that  A  had  been  transformed 
into  porcellanous  jasper  at  Arisaig  pier,  Frenchman's  Barn,  &c. 

In  the  summer  of  1868, 1  found,  connected  "with  these  jaspideous 
rocks,  beds  of  soft  material  resembling  silicates  of  magnesia,  but 
which  are  now  found  to  bo  silicates  of  alumina,  which  may  be  em- 
ployed for  ornamental  and  useful  purposes. 

In  reference  to  A  and  B,  Dr.  Dawson  has  observed,  in  his  *  Aca- 
dian Geology,'  2nd  edition,  that  Dr.  Honeyman  had  discovered 
strata  at  Doctor's  Eock  which  appeared  to  be  somewhat  lower  than 
his  lower  Arisaig,  and  that  they  were  possibly  on  the  horizon  of  the* 
Medina  and  Oneida  of  the  United  States. 

After  careful  consideration,  I  have  come  to  the  same  conclusion, 
and  regard  the  whole  Arisaig  series  as  equivalent  to  the  Anticosti 
group.  Both  localities  are  situate  in  the  same  meridian  and  in  op- 
posite positions  on  the  Gulf  of  St.  Laurence. 

To  the  east  of  the  fossiliferous  group  of  Arisaig,  and  in  the 
to-wnship  of  Arisaig,  is  a  band  of  crystalline  rocks,  which  I  disco- 
vered in  the  summer  of  1868.  These  lie  on  the  shore,  and  extend 
to  some  distance  inland.  They  appear  to  be  bounded  on  three 
sides  by  carboniferous  rocks,  the  fourth  side  being  obscure,  covered 
by  the  waters  of  Northumberland  Strait.  A  small  patch  of  Lower 
Carboniferous  conglomerate  with  intrusive  greenstone,  lying  in 
Malignant  Cove,  separates  these  from  the  Upper  Silurian  already 
noticed.  The  whole  band  is  peculiar  and  interesting ;  but  the  most 
remarkable  feature  is  a  broad  stratum  of  ophiocalcite  "with  ophi- 
olite.  The  former  appeared  strikingly  to  resemble  some  of  the 
ophiocalcites  of  the  Laurentian  exhibited  in  the  Canadian  Court  at 
the  Paris  Exhibition  of  1867.  On  comparing  a  polished  specimen 
"with  a  specimen  of  ophiocalcite  from  Bohemia,  containing  Eozoon 
hohemicuniy  I  was  almost  persuaded  that  the  Nova-Scotia  specimen 
was  Eozoonal  too.  I  took  the  specimen  subsequeutly  to  Montreal. 
Dr.  Sterry  Hunt,  on  showing  it  to  Sir  W.  E.  Logan  in  my  presence, 
expressed  the  opinion  "  that  he  thought  it  to  bo  Laurentian."  Dr. 
Da"W8on'told  me  that  Dr.  Hunt  had  said  to  him  that  he  considered 
the  rocks  I  had  found  to  be  Laurentian.  r^         i 
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It  appears  that  Dr.  Sterry  Hunt  and  Dr.  Dawson  have  reeently 
had  their  attention  particnlarly  directed  to  tho  specimens  firom 
Arisaig  deposited  in  the  Museum  of  the  Geological  Surrey  at  Mon- 
treal, and  they  have  discovered  in  them  wcU-defined  Eozooool 
structure,  which  they  consider  as  cojidusive  evidence  of  the  Laa- 
rentian  age  of  the  rocks  in  question  (see  Prof.  Hind's  letter  to  Mr. 
Eobert  Roberts).  I  have  already  stated  that  the  band  is  bounded  on 
the  east  side  by  carboniferous  rocks.  It  is  still  quite  possible  that 
intermediate  formations  may  appear  on  the  south  side  of  the  band. 
Where  the  country  is  exposed  to  the  south  of  the  band  we  find 
a  considerable  breadth  of  Carboniferous  formation,  consisting  of 
conglomerates  nnd  grits  largely  composed  of  dibris  of  the  Lan- 
rentian  rocks  described,  with  limestone  and  coal-measures  (tft^ 
Dawson's  '  Acadian  Geology,'  2nd  edition).  These  are  arranged 
in  trough-shape.  The  conglomerates  of  the  south  side  of  the  trough 
rest  on  the  north  side  of  an  anticlinal  series  of  metamorphic  Upper 
Silurian,  ^hile  on  the  south  side  of  this  anticlinal  there  rest  con- 
glomeyates  with  a  great  band  of  limestones  and  gypsum,  with  a 
basin  of  gypsum  clays.  At  Antigonish  these  clays  are  saliferous  to 
the  depth  of  at  least  610  feet 

Note  on  some  Eutomostraca /rom  Arisaig.     By  Prof.  T.  R,  Jokes. 

The  specimens  are  bivalved  Entomostraca  (four  species)  of  Upper- 
Silurian  types  in  thi*ee  pieces  of  reddish  fossiliferous  limestone  from. 
Arisaig,  with  Strophometia,  Stenopora^  Trilobites,  &c. 

No.  1.  Two  very  fine  specimens  of  tho  valves,  right  and  left,  of 
Beyrichia  ivherculata,  Eloeden,  sp.  (Annals  Nat.  Hist.  ser.  2, 
vol.  xvi.  p.  86).  This  may  be  the  same  form  as  that  described  by 
Prof.  James  Hall  as  Bei/richia jnistidom,  'Canadian  Nat.  and  Geo!.' 
vol.  V.  p.  158,  ^g.  Id  (woodcut). 

No.  2.  Several  specimens  of  Beyricliia  WiUcensiaiui,  Jones  (Ann. 
Nat.  Hist.  ser.  2,  vol.  x\-i.  p.  89). 

No.  3.  Two  valves  of  Beyrichia  Maccoyiana,  Jonos  (Ann.  Nat. 
Hist.  ser.  2,  vol.  xvi.  p.  88),  or  a  very  closely  allied  species.  Also 
a  very  small  Primitia,  referred  to  in  Ann.  Nat.  Hist.  ser.  3,  vol, 
xvi.  p.  424,  as  being  probably  tho  same  as  P.  coticinna,  Joucs. 

This  may  be  the  form  described  by  Prof.  James  Hall  as  Leperdiila 
siniiaia  (Canadian  Nat.  and  Gool.  vol.  v.  p.  158 ;  no  figure  given). 
This  little  Primitla  is  more  oblong  than  tho  figured  P.  coticinna, 
and  narrower  than  P.  mu7idula,  which  it  otherwise  much  resem- 
bles: a  similar  form  occurs  in  the  Upper  Silurian  Limestone  at 
Budley  and  in  Gothland. 

Discussion. 

Sir  W.  liOOAX  said  that  Dr.  Hunt  had  seen  the  specimens  of  ser- 
pen tinous  limestone,  and  considered  that  they  might  be  Laurentian. 
Sections  of  them  appeared  to  Dr.  Dowson  to  sliow  tubiilation  ratlior 
different  from  that  fonnd  in  Laurentian  JSozoon.  They  might, 
therefore,  belong  to  a  different  age. 
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Mat  25th,  1870. 
George  Cox  Bompas,  Esq.,  15  Stanley  Gardens,  Kensington  Park, 
"W. ;  Sir  James  Anderson,  16  Warrington  Crescent,  London;  and 
John  Breedon  Evcrard,  Esq.,  6  MiUstono  Lane,  Leicester,  were 
elected  Pellows  of  tho  Society. 

The  following  C9mmunication8  were  read : — 

1.  Contributions  to  a  knowledge  of  tlu  Newee  Tebtiabies  of  Suffolk 
and  their  Fauna.  By  E.  Ray  Lankesteb,  B.A.  Oxon.,  Coutts 
Geological  Scholar. 

(Communicated  by  Prof.  Huxley,  P.R.S.,  F.G.S.) 

[Plates  XXXIII.  &  XXXIV.] 

CONTBNTS. 

1.  The  bone-bed  of  Suffolk  and  stone-bed  of  Norfolk. 

2.  Tbe  Suffolk  box-stones. 

3.  A  new  Ziphioid  Cetacean  from  tbe  Suffolk  bone-bed. 

4.  The  Trilophodont  Mastodon  of  the  Suffolk  bone-bod. 

5.  list  of  species  of  terrestrial  Mammalia  from  the  Suffolk  bone-bed,  -with 

reference   to  the  number  of  specimens  and  tbe  collections  containing 
them. 

6.  List  of  epeciea  of  Cetaceans  and  Pinnigmdia. 

I.  The  Bone-bed  of  Suffolk  and  Stoite-bed  of  Nobfolx. 
1.  A  definite  step  in  the  progress  of  the  solution  of  the  problem 
presented  to  geologists  by  the  confused  highly  fossiliferous  strata  of 
the  eastern  part  of  the  Eastern  Counties  has  been  made,  on  the 
one  hand,  in  the  recognition  of  tho  character  of  the  fauna  of  the  so- 
called  *'  coprolite-  "  or  bone-bed  of  Suffolk,  as  distinct  from  that  of 
the  superposed  shelly  strata  known  as  Coralline  and  Ked  Crags ;  and, 
on  the  other  hand,  in  regarding  the  fauna  of  the  Norfolk  stono-hed, 
first  recognized  by  Mr.  Gunu,  as  distinct  from  that  of  tho  superposed 
shell-beds  of  tho  Nonvich  Crag.     The  bone-bed  underlying  the 
Suffolk  Crags  and  the  stone-bed  underlying  the  Norfolk  Crags 'must 
be  looked  upon  as  having  a  different  history  and  containing  a  quito 
distinct  fauna  from  that  indicated  by  the  Mollusca  of  the  higher 
beds,  the  two  not  having  been  contemporaneous,  nor  related  to  the 
same  physical  conditions.     Until  quite  recently,  these  two  distinct 
sets  of  accumulations  have  been  confounded  under  the  common  term 
Crag.     It  is  a  matter  for  regret  that  the  term  Crag,  locally  applied 
to  the  shelly  strata  of  the  eastern  counties,  should  also  have  been  ex- 
tended to  the  whole  series  of  deposits  of  Antwerp ;  for  whilst  the  upper 
or  Yellow  Crag,  forming  tho  Scaldisien  system  of  Dumont,  is  clearly 
equivalent  to  our  Hed  and  Coralline  Crags,  the  Lower  or  Black  Crag, 
better  called  Diestien,  is  not  represented  in  England  by  any  exist- 
ing strata  in  their  true  position,  and  is  simply  connected  with  the 
"  Crags  "  by  a  continuity  of  fauna  and  succession,  which  is  not  so 
complete  as  to  prevent  a  very  wide  and  marked  gap  being  observable 
between  the  Diestien  and  Scaldisien  periods, — a  gap  indicating,  pro- 
bably, great  change  of  temperature  and  the  disappearance  of  remark- 
able marine  mammdia..  as  well  as  fishes  and  mollusca.    In  England, 
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though  no  strata  represent  this  Diestien  period,  yet  the  Cetaceans, 
Sharks,  and  shell-containing  Sandstone-nodules  of  the  Suffolk  bone- 
bed,  aro  the  fragments  rescued  to  us  from  the  destruction  of  a  vast 
extent  of  a  once  existing  close  equivalent  of  the  Black  **  Crag  "  of 
Antwerp.  Such  remains  were  long  confounded  with  those  belong- 
ing to  the  true  Crag  epoch.  They  can  now  no  longer  be  so.  The 
term  "Crag"  is  not  applicable  to  the  Cetaceans  of  the  DieBtien 
period,  nor  to  the  other  contents  of  the  Suffolk  bone-bed. 

The  observation  of  the  occurrence  of  the  Suffolk  bone-bed  below 
both  Coralline  and  Eed  Crags,  and  the  recognition  of  the  Diestien 
age  of  a  large  portion  of  its  contents,  first  published  by  me  in  J  865, 
and  the  similar  conclusion  of  the  Rev.  John  Gunn  with  regard  to 
the  Mastodon  and  El-epTias  supposed  to  belong  to  the  Norwich  Crag 
proper  (but  which  he  has  shown  to  be  confined  to  a  basement  bed, 
the  Norfolk  stone-bed),  have  facilitated  very  considerably  the  com- 
parison of  the  Norfolk  and  Suffolk  shell-bearing  strata.  Mr.  Prest- 
wich,  after  detailed  study  of  the  stratigraphical  and  palieontological 
evidence,  has  recorded  his  opinion  that  the  Norwich  Crag  is  the  true 
continuation  northwards  of  the  lied  Crag  of  Suffolk.  At  the  same 
time,  he  assigns  an  earlier  ago  to  the  Coralline  Crag,  and  points  out 
a  lower  undisturbed  and  an  upper  disturbed  portion  of  both  Eed  and 
Coralline  Crags  in  the  Suffolk  area. 

The  remarkably  confused  condition  of  the  Bed  Crag  in  Suffolk 
tells  a  history  which  enables  us  to  understand  in  some  measure  its 
agreement  with  and  its  differences  from  the  Norfolk  Crag.  Many 
remarkable  species  of  Mollusca,  such  as  Voluia  Lainherti,  Cassidaria 
hicatenata,  Phurotoma  iniortay  &c.,  occur  in  the  Red  Crag,  but  do 
not  appear  in  the  so-called  Norwich  Crag ;  and  no  valid  evidence 
has  been  adduced  to  support  the  view  that  they  aro  derived 
fcom  the  Coralline  Crag  when  found  in  the  Rod.  At  the  same 
time,  the  more  boreal  fauna  of  the  Norwich  beds  is  present  in  the 
Red  Crag.  It  is  well  known  to  collectors  of  the  mollusc*  of  the 
Red  Crag  in  Suffolk  that,  superficially,  they  may  only  expect  to 
obtain  the  shells  belonging  to  the  Norwich-Crag  fauna,  and  that  for 
the  rarer  forms,  such  as  those  mentioned  above,  they  must  seek  in 
the  deeper  parts  of  the  deposit  and  in  the  low-lying  areas.  Thus, 
at  Waldringfield,  and  in  the  immediate  neighbourhood  of  Wood- 
bridge,  lying  on  the  river  Deben,  those  species  of  the  Red-Crag  Mol- 
lusca are  to  be  obtained  which  do  not  occur  in  the  Norwich  deposit; 
moreover,  in  these  localities  the  valves  of  Lamellibranchiates  are 
frequently  found  in  apposition  *,  and  small  specimens  of  a  well- 
marked  variety  of  Terebratvla  spondylodes  (differing  from  the  Coral- 
line-Crag variety),  with  united  valves,  are  not  uncommon.  From  this 
we  may  infer  that  the  Red  Crag  is  a  deposit  representing  a  consider- 
able stretch  of  time,  and  that  its  earliest  deposited  beds  contained  a 
fauna  differing  from  that  which  occupied  the  sea  which  at  later 
periods,  again  and  again,  turned  over  and  added  to  the  accumulation. 
At  the  earlier  period  the  Red-Crag  sea  contained  a  fauna  not  very 
different  from  that  exhibited  in  the  Coralline  Crag,  stiU  retaining 
*  Soe  a  paper  bjr  Mr.  Alfred  Bell,  Brit  Amoc.  Kep.  1868. 
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survivors  from  tbe  yet  earlier  Diestien  epoch,  viz.  VoltUa,  Cassi- 
daria,  I^fula,  Chama,  and  others.  In  its  later  period,  conditions 
had  so  far  changed  that  none  of  these  forms  were  remaining  in  the 
Bed-Crag  sea ;  and  as  it  turned  over  the  previous  accumulations  of 
shell-masses  it  added  little  thereto  but  boreal  forms  -,  and  it  was  at 
this  period  and  in  this  condition  of  thiogs  that  the  Norwich-Crag 
area  became  also  the  recipient  of  a  shelly  deposit,  and  remained 
apparently  subject  to  such  conditions  (if  we  may  judge  by  the 
increase  of  northern  forms  of  mollusca  in  its  higher  parts)  until  a 
later  period  than  we  have  evidence  of  in  Suffolk,  and  when  the 
firctic  tendency  of  the  fauna  had  become  still  more  pronounced. 

The  Scaldisien  beds,  or  Yellow  Crag  of  Antwerp,  do  not  bear  evi- 
dence of  quite  so  late  a  date  as  that  of  the  newer  element  of  the 
Red  Crag  of  Suffolk  and  its  equivalent  in  Norfolk.  It  appears  to  be 
entirely  homotaxial  with  the  earlier  element  of  the  Red  Cra^  and 
the  Coralline  Crag.  A  closer  examination  of  the  Scaldisien  fauna 
would  be  valuable  at  the  present  time. 

The  occurrence  of  large  and  remarkably  perfect  specimens  of 
VcltUa  Lambei'ti,  Cassidaria  hicatenata,  and  Atractodon  elegam  on 
the  beach  at  Felixstow  in  former  years,  together  with  hundreds  of 
Bpccimens  of  Turritella  imbricataria,  has  never  been  satisfactorily 
accounted  for.  The  destruction  of  Crag  beds  on  the  coast  does  not 
appear .  to  be  sufficient  to  have  furnished  so  many  specimens^ 
alUiough  it  is  to  be  remembered  that  the  whole  of  the  Red  Crag 
once  existing  at  Harwich  has  disappeared  beneath  the  sea.  It  does 
not  seem  improbable  that  these  remarkable  beach-specimens  are  the 
remnants  of  the  Crag  deposit  which  extended  once  towards  the 
present  Belgian  coast,  and  which  long  since  imbedded  among  other 
debris  in  the  accumulations  of  the  German  Ocean,  have  now,  by 
some  change  of  current,  been  thrown  up  on  the  shore  line. 

The  question  a^  to  what  may  be  the  relation  of  the  Suffolk  bone- 
bed  and  its  contents  to  the  Norfolk  stone-bed  and  its  contents  is  one 
of  considerable  interest  and  difficulty.  They  have  this  in  common, 
that  they  contain  the  detached  molars  of  Mastodon  arvemensis ;  but 
the  Norfolk  bed  also  contaiDA  teeth  of  EUpJias  meridiorwlia,  whilst 
no  Elephant  has  ever  been  found  in  the  Suffolk  bone-bed*.  The 
Suffolk  bed  contains  phosphatized  lumps  of  Eocene  clay,  with  included 
mammalian,  reptilian,  piscine,  molluscan,  and  crustacean  remains 
of  that  age,  also  nodules  of  sandstone  (called  "  box-stones ")  con- 
taining Biestien  Mollusca,  Sharks,  and  Cetacea,  the  bones  and  teeth 
of  which  also  occur  in  a  rolled  and  polished  state ;  thirdly,  teeth  of 
Mhinoceros  Sdileiermacheri,  of  Tapirus  priseus,  of  a  peculiar  Hyaena, 
of  Hipparion,  of  a  Trilophodont  Mastodon,  and  of  other  terrestrial 
Mammals.   None  of  these  things  have  been  found  in  the  Norfolk  bed ; 

*  After  the  reading  of  this  paper,  Mr.  Gunn  exhibited  a  fragment  of  an 
Elephas  molar  found  in  a  Bed-Cra^  pit.  I  have  a  yerj  fine  specimen  of  the 
kind,  and  others  have  been  recorded  and  deceived  the  late  Dr.  Falconer.  It  is 
eoBj  at  once  to  decide  from  their  mineral  condition  that  these  specimens  do  not 
come  from  the  Suffolk  bone-bed  at  all,  but  from  tbe  large  mass  of  overljing 
sandy  strata. 
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but  in  their  place  largo  flints,  a  few  bits  of  hardened  clay,  and  bones 
and  teeth  of  Cw-viw*,  Equus,  and  also  Trogonikerium,  further,  it  is  to 
be  remarked  that  the  teeth  of  Mastodon  found  in  the  Norfolk  stone- 
bed  are  not  so  thoroughly  mineralized  and  so  heavy  as  those  from 
the  Suffolk  bone-bed,  whilst  the  bones  which  occur  in  that  bed  are 
certainly  by  no  means  so  heavy  as  those  from  Suffolk.    The  Norfolk 
stone-bed  rests  on  chalk,  the  Suffolk  bone-bed  on  London  clay. 
Immediately  above  the  Norfolk  stone-bed  is  the  Norfolk  Crag,  with 
its  nearly  recent  subarctic  moUuscan  fauna.     Immediately  above 
the  Suffolk  bone-bed  is  the  Coralline  Crag  with  its  many  extinct  and 
tropical  forms,  or,  vhere  this  is  not  present,  the  lower  and  older 
part  of  the  Red  Crag,  or,  in  some  places,  higher  sandy  beds.     Both 
stone-bed  and  bone-bed  have,  in  places,  been  much  disturbed  and 
broken  up  by  the  sea  which  deposited  the  strata  above  them.     Tak- 
ing these  facts  into  consideration,  it  is  impossible  to  assign  a  simple 
community  of  origin  and  date  to  these  two  beds.     The  Suffolk  bone- 
bed  has  evidently  derived  its  contents  from  sources  which  were  not 
accessible  to  the  Norfolk  deposit ;  such  are  the  London  clay  and  the 
destroyed  Diestien  beds.     But  what  of  the  terrestrial  Mammalia  t  ? 
Was  the  Mastodon  of  the  Norfolk  stone-bed  coeval  with  the  Masto- 
don of  the  Suffolk  bone-bed?    If  it  were,  we  must  suppose  that  the 
Bhinoceros  Scfdetermacheri^  Ifipparion,  &c.  of  the  Suffolk  bed  belong 
to  an  earlier  age,  and  were  not  contemporary  with  the  Mastodon 
arvernensis  found  with  them,  since  in  the  Norfolk  area  these  other 
forms  are  not  present  with  the  Mastodon,     Also  we  must  assume 
that  the  Elepluis  nuridiofialis,  Erjuus,  and  Trogontherium  of  the 
Norfolk  stone-bed  belong  to   a   later  period  than  the  Mastodon 
arvemensis  found  with  them,  since  it  may  be  positively  asserted  that 
ElepTias  does  not  occur  in  the  Suffolk  bone-bed.     Again,  there  is  no 
doubt  that  the  terrestrial  mammalian  faima  (not  considering  here 
the  well-identified  Eocene  species  of  Coryphodon  and  Hyraootherium 
which  occur)  of  the  Suffolk  bone-bed  is  earlier  in  date  than  the 
Coralline  Crag,  and,  perhaps,  earlier  than  the  Diestien  beds  which 
preceded  that  Crag,  since  I  have  obtained  the  tooth  of  aTrilophodont 
Mastodon  from  the  bone-bed,  with  the  Diestien  sandstone-matrix 
envelopiDg  it.     This  cannot  be  said  of  the  Mammals  occurring  at 
the  base  of  the  Norwich  Crag.     All  that  we  can  assert  of  them  is 
that  they  belong  to  an  earlier  date  than  the  newer  Crag ;  they  are 
possibly  not  so  old  as  the  Coralline  or  even  the  earlier  part  of  the 
Bed  Crag.    The  condition  of  the  Mastodon  teeth  from  tiie  Norfolk 
stone-bed  is   decidedly    one  of    less  mineralization  than  that  of 
those  from  the  Suffolk  bed,  and  none  of  them  bear  marks  of  the  same 
extensive  water-wearage  which  are  apparent  on  very  many  from 
Suffolk.     Moreover,  the  "Rev.  John  Qunn  obtained  very  fair  evidence 
of  the  occurrence  of  a  nearly  complete  skeleton  of  Mastodon  crrver- 

*  Mr.  Boyd  Dawkins,  F.RSm  considen  that  there  are  species  of  Cervus  oom- 
mon  to  the  Suffolk  bone-bed  and  the  Norfolk  stone-bed. 

t  In  using  the  term  *'  terrestrial  mammalia  of  the  Suffolk  bone-bed  *'  I  wish 
to  be  understood  as  excluding  the  derived  Eocene  Corrphodonts  and  Hyraco- 
thcrium.    These,  howerer,  are  the  only  Eocene  forms  which  have  occurred. 
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nenM  in  the  Norfolk  stone-bed,  resting  on  the  old  chalk  land-snrfaoe 
at  Horstead,  which  specimen  was  not  preserved,  but  of  which  he 
obtained  two  molars  from  the  owner  of  the  pit  in  which  the  bones 
were  found. 

The  relative  abundance  of  the  remains  of  Mastodon  in  the  Norfolk 
and  Suffolk  beds  is  important.  In  the  Norfolk  stone-bed  Mastodon 
arvemensia  is  undeniably  very  much  more  abundant  than  in  the 
Suflfolk  bone-bed.  This  was  sufficiently  evident  before  the  Suffolk 
area  had  been  so  largely  worked  for  the  phosphatic  nodules.  Now 
that  the  Suffolk  bed  has  been  carefully  sifted  and  turned  over  for 
BO  many  acres,  there  is  danger  of  overestimating  the  abundance  of 
its  mammalian  fauna,  as  compared  with  that  from  Norfolk.  Teeth 
of  terrestrial  mammalia  are  of  the  extremest  rarity  in  the  Suffolk 
bed ;  and  it  is  only  because  of  the  high  price  offered  for  them,  and 
the  constant  operations  of  the  "  coprolite-diggers,"  that  so  many  of 
them  have  been  found.  Comparing  equal  areas  of  exploration,  the 
molars  of  Mastodon  arvemensis  are  very  much  more  abundant  in 
Norfolk  than  Suffolk.  In  the  Norfolk  stone-bed  the  local  collectors 
find  that  Mastodon  is  about  twice  as  abundant  as  E/ep7ias  merklionalis, 
whilst  Equus  and  species  of  Cervus  are  more  abundant  than  either. 

A  fact  of  importance  with  regard  to  the  occurrence  of  Mastodon 
arvemenm  in  the  Suffolk  bone-bed  is,  that  molars  of  this  animal 
have  been  obtained  from  the  bed  with  the  soft  bony  fangs  adherent, 
whilst  in  the  case  of  nearly  all  other  associated  mammalia  the 
enamel  crowns  only  are  found. 

It  is  important  to  notice  that  the  hoties  of  terrestrial  mammals  are 
almost  unknown  in  the  Suffolk  bone-bed,  whilst  they  are  abundant 
in  the  Norfolk  bed.  It  is  also  necessary  to  bear  in  mind  that  though 
the  Suffolk  bone-bed  occurs  below  the  Coralline  Crag  as  well  as 
below  the  Red  Crag,  yet  it  has  not  been  proved  that  the  mam- 
mals common  to  the  Norfolk  and  Suffolk  beds,  viz.  Mastodon  arver-- 
nensis,  certain  species  of  Cervus  and  Equus,  are  found  in  the  bed 
when  below  the  Coralline  Crag.  A  Mastodon  tooth  which  I  have 
seen  from  that  situation  is  not  Mastodon  arvemensis,  but  belongs 
to  the  Trilophodont  species  to  be  described  below. 

These  being  the  facts  of  the  case,  it  is  well  simply  to  state  the 
hypotheses  by  which  we  may  account  for  the  occurrence  of  Mastodon 
arveitiensisy — ^in  Norfolk  on  the  one  hand,  associated  with  EUpkas 
meridionalis ;  in  Suffolk  on  the  other  hand,  in  most  intimate  con- 
nexion with  Upper-Miocene  mammals. 

1.  Seeing  the  very  fragmentary  nature  of  the  remains  found  in 
both  the  Suffolk  and  Norfolk  bone-beds,  we  might  suppose  that  the 
absence  of  Elephas  in  the  Suffolk  bed,  and  of  Miocene  forms  in  the 
Norfolk  bed,  is  due  to  imperfect  knowledge  of  the  contents  of  the 
beds,  which  may  constitute  but  one  fauna.  This  is  negatived  by 
the  improbability  of  such  an  association  of  forms  to  constitute  a 
fauna  as  we  shoidd  then  get,  and  by  the  fact  that  the  Suffolk  bed 
at  least  has  been  remarkably  well  searched. 

2.  Another  explanation  might  be  found  in  regarding  Mastodon 
arvemcntU  eus  an  annectant  form,  one  which  lived  first  with  a  Mio« 
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cene  fauna  and  survived  afterwards  to  bear  a  part  in  the  Pliocene 
fauna,  which  is  indicated  by  the  Norfolk  EUpJias  meridionalis.  An 
objection  to  this  is  found  in  the  absence  of  the  Mastodon  from  the 
forest-bed,  and  from  all  association  with  E,  meridioncdis  in  localities 
north  of  the  Val  d'Amo. 

3.  The  Mastodon  a^^emensis,  certain  species  of  Deer,  and  perhaps 
some  other  of  the  Mammalia,  indicated  by  remains  in  parts  of  the 
Suffolk  bone-bed,  may  be  regarded  as  belonging  to  a  later  fauna 
than  that  to  which  the  Trilophodont  Mastodon  (below  described),  the 
Bhinoceros  Schhiermacheri,  Tapirus  jpriscus,  and  Uipparion  belong. 
The  M,  arvemensis  fauna  may  bo  supposed  to  have  succeeded  the  R, 
Schleiennacheri  fauna,  and  at  the  same  time  to  have  existed  in  Nor- 
folk, extending  to  a  period  later,  probably,  than  the  Coralline  Crag ; 
whilst,  at  an  earlier  epoch,  the  Miocene  mammals  left  their  remains 
in  the  Diestien  sands,  which  preceded  the  Crag,  as  is  proved  by  tho 
tooth  of  a  Trilophodont  Mastodon  before  mentioned.     The  condition 
of  some  teeth  of  Mastodon  arvei-nensis  from  Suffolk,  with  their  fangs 
preserved,  tends  to  favour  this  view.    Tho  absence  of  Elephas  from 
Suffolk,  and  its  association  in  small  proportion  with  the  Mastodon  in 
the  Norfolk  stone-bed,  may  be  accounted  for  by  granting  what  has 
been  found  to  be  true  for  France,  namely  that  Elepkas  meridinonalis 
did  not  coexist  with  Mastodon  arvemensis.     We  may  suppose  that 
the  E.  meridionalis  and  Trogontherium  of  the  Norfolk  stone-bed 
lived  after  Mastodon  arvemensis  had  passed  away,  belonging  tx)  a 
distinct  fauna-period,  that  of  the  E,  meridionalis^  fully  represented 
in  tho  forest-bed.     Living  on  the  lands  which  already  contained 
remains  of  the  Mastodon  arvemensis  in  the  silt  of  streams,  in  bogs, 
&c.,  theso    animals    ultimately  became   associated  with  the   past 
fauna  in  the  Norfolk  stone-bed.     Thus  we  get  three  groups  of  ani- 
mals or  fauna).  A,  B,  and  C,  associated  by  the  breaking  up  of  an  old 
land  surface.     B  left  its  remains  in  Suffolk,  which  already  contained 
the  remains  of  A,  and  in  Norfolk,  where  A's  remains  did  not  exist ; 
C  left  its  remains  in  Norfolk  where  B's  remains  existed,  but  not  in 
Suffolk,  which  had  already  the  remains  of  A  and  B.     A  is  tho  JS. 
SchleiermacJieri  group,  B  the  M,  arvemensis  group,  and  C  the  E,  nie- 
ridionalis  group  of  mammals. 

The  physical  conditions  indicated  by  the  Diestien  deposits  in 
Suffolk,  their  absence  from  Norfolk,  and  the  distribution  of  the  later 
deposits,  are  apparently  such  as  would  favour  the  separation  of  tho 
Norfolk  and  Suffolk  areas  as  required  in  tho  above  hypothesis. 

Of  the  three  hypotheses  here  offered  I  am  inclined  to  the  last,  and 
though  it  is  confessedly  but  a  speculation,  I  submit  that  this  ques- 
tion admits  of  a  fair  attempt  at  solution,  and  that  we  must  not  bo 
content  with  the  mere  assertion  that  the  bone-bed  in  Suffolk  is  a 
very  heterogeneous  assemblage  of  remains,  and  contains  forms  de- 
rived from  the  London  clay  as  well  as  Mastodon,  Hyracotherium  and 
Coryphodon  have  only  occurred  altogether  about  six  times  in  the 
nodules  of  clay  from  this  bed ;  it  is  manifestly  absurd,  therefore, 
to  speak  of  the  London  clay  or  Eocene  beds  as  contributing  largely 
to  the  mammalian  fauna  of  the  Suffolk  Crag. 
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Contem^rary  phenomena  in 
Suffolk  and  Norfolk. 


1.  Absikt. 

2.  Latsr  Bed  Crajj. 
a.  Older  Bed  Crag. 

4  or  5.  Coralline  Crag. 

5  or  4.  Haatodon  arvomonsis,  Equiis, 

and  Cervus,  sp.,  qf  13onc-bed. 

6.  BieBtion,  Box-stonea  of  Bono-bod. 

7.  Bbinooeros  Schleiermacheri,  Masto- 

don Upiroides?,  and  Miocene  forms 
of  the  Bone-bed. 

8.  Eocene  Beds.    Coryphodon,  Ilyra- 

ootberiumi  of  the  Bone-bed. 

9. 


1.  Highest  Norwich  Crag. 
3.  Norwich  Crag. 

3.  Forest-bed  and   Elephas-meridio- 

nalis  fauna  of  Stono-bcd. 

4.  Absent. 

5.  M.  arvernonsis,  and  some  species  of 

Equus  and  Cervus,  of  the  Stone- 
bed. 

0.  Absent. 

7.  Absent. 


8.  Absent. 
0.  Clialk. 


II.  The  Buffoli  '*  Box-stones." 

Mr.  Searles  Wood  has  alluded  to  certain  sandstone-nodules  occur- 
ring in  the  Suffolk  Crag  and  scattered  on  the  coast,  as  containing 
shcdls,  and  being  probably  indurated  bits  of  Coralline  Crag.  He  has 
also  figured,  in  the  'Supplement'  to  his  invaluable  *  Monograph  of 
the  Crag  Mollusca,'  the  internal  cast  of  a  PyruLa  from  one  of  these 
nodules,  which  ho  terms  Pyrula  acelinis.  In  the  'Geological 
Magazine'  for  1865,  and  in  the  '  Quarterly  Journal '  of  this  Society 
for  the  same  year,  I  pointed  out  that  these  sandstone  masses  contain 
remains  of  Mollusca  and  Cctacea  similar  to  those  of  the  Diestien 
Antwerp  beds,  and  I  inferred  that  the  nodules  wore  remnants  of  a 
broken  up  deposit  of  Diestien  age.  In  1867  I  devoted  some  time 
to  examining  these  nodules,  and  gave  a  further  account  of  them  in 
the  *  Geological  Magazine'  for  that  year  (p.  91),  in  which  I  pointed 
out  that  they  formed  part  of  the  Suffolk  bone-bed,  and  lay  at  the 
base  of  both  Bed  and  Coralline  Crags.  I  also  gave  a  list  of  some  of 
the  organic  remains  found  enclosed  in  these  masses.  I  have  since 
spent  a  good  deal  of  time  in  working  at  the  nodules,  which  I  pro- 
pose to  call  "  Box-stones,"  since  the  name  of  "  boxes"  has  been  ap- 
plied to  those  which  exhibit  the  remains  of  a  shell  on  being  broken 
open  by  the  phosphate-diggers  of  Suffolk.  My  friend  the  Rev.  H, 
Canham,  of  Waldringfield,  has  also  worked  at  the  "  Box-stones,"  and 
has  kindly  placed  his  specimens  at  my  disposal.  I  must  express  my 
great  indebtedness  to  him  for  the  use  of  his  valuable  collection. 
The  majority  of  the  box-stones  contain  no  fossil  remains  at  aU,  and 
are  simply  irregular  rounded  masses  of  very  much  hardened  sandstone. 
Probably  not  one  in  twenty  of  the  masses  contain  any  organic  remains 
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of  appreciable  size.  The  box-stones  are  to  be  found  in  some  qnantity 
on  the  beach  at  Felixstow,  haying  been  washed  out  of  the  clifEs,  and 
are  also  to  be  seen  in  the  so-called  "coprolite  diggings/'  They 
occur  in  the  **  bone-bed "  which  is  exposed  in  these  diggings,  and 
are  picked  out  by  the  workmen,  together  with  flints  and  a  few 
other  pebbles,  from  among  the  smaller  phosphatizcd-clay  fragments, 
and  are  thrown  into  heaps  by  the  side  of  tiie  diggings,  when  they 
are  sold  as  "metal"  for  the  roads.  With  one  exception  all  the 
masses  of  sandstone  I  have  seen  thus  picked  out  from  the  di^ngs 
have  been  spherical,  oblong  or  irregular  masses  about  the  size  of  the 
fist,  on  an  average,  or  sometimes  of  an  elongated  cylindrical  form. 
The  exception  was  in  a  pit  at  Trirfiley,  near  Ipswich,  where  I  found 
four  blocks  of  a  flagstone  shape  about  a  foot  and  a  half  square, 
which  contained  casts  of  shells,  and  seemed  to  be  identical  in  origin 
with  the  box-stones. 

It  is  important  to  ascertain  whether  theso  '* box-stones"  are  all 
of  the  same  age,  whether  any  of  them  may  be  masses  of  Eocene,  or 
even  Cretaceous  sandstone.  After  examining  a  vast  number  of  them, 
I  believe  them  all  to  be  rolled  masses  of  the  same  arenaceous  deposit 
and  of  Diestien  age.  Some  of  them  have  a  very  decided  green  tint, 
and  vary  in  the  darkness  of  this  coloration.  This  coloration  recalls 
strongly  the  black  sands  of  Antwerp,  to  which  it  appears  they  are 
related,  and  is  due  to  the  same  glauconitic  constitution.  Others  of 
the  nodules  have  a  dark  reddish-brown  tint,  particularly  those  from 
the  sea-beach,  and  this  change  of  colour  is,  no  doubt,  due  to  the 
higher  oxidation  of  the  contained  iron.  Lithological  evidence  is 
entirely  in  favour  of  the  community  of  origin  of  these  rolled  masses 
of  sandstone,  the  only  doubtful  specimens  being  those  from  the  pit  at 
Trimley  above  mentioned.  Amongst  the  stones  separated  from  the 
"coprolites"  by  the  diggers,  fragments  of  Liassicand  of  Cretaceous 
rocks  arc  to  be  found,  but  very  rarely.  There  is  no  chance,  it  will  bo 
admitted  on  inspection  of  the  specimens,  of  confounding  derived 
grccnsand  specimens  with  tlieso  box-stones. 

The  box-stones,  being  of  very  porous  constitution,  are  constantly 
subject  to  the  action  of  infiltering  water,  and  consequently  those 
which  contain  shells  have,  with  very  rare  exceptions,  been  deprived 
of  the  calcareous  matter  of  the  shell ;  consequently  on  breaking  open 
such  a  "  box-stone"  with  the  hammer,  a  very  perfect  natural  cast  of 
tho  interior  of  the  shell  is  obtained  and  also  a  concave  cast  of  the 
exterior.  Under  these  circumstances  identification  of  the  species  of 
enclosed  mollusca  is  exccr dingly  diificult ;  for  even  skilled  concholo- 
gists  are  not  apparently  familiar  with  the  appearance  of  internal 
casts. of  the  various  species  which  they  study.  A  very  useful  plan, 
in  those  cases  which  allow  it,  I  have  found  to  consist  in  taking 
gutta-percha  impressions  of  tho  concave  casts ;  in  this  way  a  perfect 
restoration  of  the  original  shell  is  obtained,  and  conclusions  formed 
from  the  internal  casts  may  be  corrected.  In  this  way  I  have  got 
very  beautiful  impressions  of  a  Canits  (Plate  XXXIV.  fig.  5)  (first 
observed  by  Mr.  Searles  Wood  in  these  nodules),  also  of  a  smsdl  Cos- 
sidaria  (Plate  XXXIV.  figs.  8,  9),  which  has  been  hitherto  regarded 
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as  Nasrn  eonghhata,  on  account  of  the  deceptive  appearance  of  its 
internal  cast  (a  specimen  is  thus  named  in  the  British  Museum). 
Mr.  Searles  "Wood's  Pyrula  accUnis  is  shown,  by  the  impression 
taken  from  the  concave  cast  of  similar  specimens,  not  to  have  a  more 
elevated  apex  than  F,  reticulata,  a  character  which  he  was  led  to 
attribute  to  it  from  the  deceptive  appearance  of  the  internal  cast. 
The  specimens  of  the  box-stones  and  gutta-percha  impressions  have 
been  placed  in  the  museum  of  the  Society. 

The  additional  facts  which  I  have  gathered  relative  to  these 
nodules  since  1867  tend  to  confirm  the  conclusion  then  maintained, 
viz.  that  they  are  of  Diesticn  age,  t.  e,  approximately  equivalents  of 
the  so-called  Black  Crag  of  Antwerp.  It  also  appears  very  probable 
that  they  are  of  the  same  ago  as  the  Lenham  sandstones,  which  thoy 
resemble  most  closely  in  condition  and  contents. 

The  box-stones  of  the  Suffolk  bone-bed  represent  a  period  sepa- 
rated by  a  wide  gap  from  the  lied  and  Coralline  Crags,  between  which 
and  the  latter,  or.  true-crag  period,  the  numerous  ziphioid  and  other 
cetaceans,  the  great  sharks  and  Trichecodon,  had  passed  away;  a  few 
of  the  mollusca,  such  as  Valuta,  Pt/rula,  and  Cassidaria,  compara- 
tively abundant  in  these  nodules,  still  lingered  on  into  the  Coralline 
and  Red-Crag  period,  but  attained  a  larger  size,  recalling  tbe  fact 
observed  with  Hving  mollusca,  that  northern  specimens  of  a  species 
are  larger  than  those  from  more  southern  regions. 

The  most  important  organic  remains  which  I  have  found  in  the 
Suffolk  box-stones,  or  with  the  sandstone  adherent,  may  be  now  men- 
tioned ;  a  list  is  given  below.  Mr.  Baker,  of  Woodbridge,  has  the  left 
upper  penultimate  molar  of  a  Tnlophodont  Mastodon  with  this  sand- 
stone adherent.  Teeth  of  Ziphioids  and  fragments  of  cetacean  bono 
are  also  found  included  in  this  way.  The  largest  tooth  of  Carcharo- 
don  which  I  have  seen  from  Suffolk  is  one  which  I  obtained  from 
a  "  digger,"  and  has  the  box-stone  matrix  adherent.  Pectunculus 
fflyeitneris  is  the  most  abundant  moUusk,  and  next  to  that  Isocardia 
lunulata  (Plate  XXXIV.  fig.  10),  the  casts  of  which  I  have  compared 
with  casts  from  Antwerp  specimens.  It  will  be  remembered  that 
Isocardia,  though  very  rare  indeed  in  the  English  crags,  is  an  abun- 
dant shell  in  the  Antwerp  Diesticn  beds.  Pyrula  reticulata  is  by  no 
means  uncommon  amongst  the  Gasteropoda,  far  more  abundant  than 
in  the  English  Crags.  Two  specimens  of  a  Conus,  identified  by  Mr. 
Searles  Wood  with  Conus  Dujardinii,  9ne  found  by  the  late  Mr. 
Acton,  the  other  by  the  Rev.  H.  Canham  (Plate  XXXIV.  ^g.  5),  are 
the  most  distinctive  moUusks  yet  obtained  in  the  nodules.  Alto- 
gether about  30  species  of  organic  remains  have  been  found  at  pre- 
sent in  the  box-stones ;  though  I  cannot  say  that  all  these  species 
have  been  satisfactorily  identified.  The  specimens  are  placed  in  the 
Society's  cabinet,  and  through  their  further  examination  it  will  bo 
possible  to  fill  in  the  list  more  completely. 

In  the  collection  of  Mr.  Whincopp  is  a  crocodilian  scute  imbedded 
in  this  sandstone ;  it  is  clearly  of  Eocene  age,  and  shows  that  the 
destruction  of  Eocene  strata  and  admixture  of  their  contents  had 
commenced  at  this  period  of  the  history  of  the  East-Anglian  area. 
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I  must  t)articularly  guard  against  the  inference  from  this  specimen 
that  any  of  the  sandstone-nodules  are  of  Eocene  age ;  the  scute  is 
water- worn,  and  its  occurrence  In  the  sandstone  is  sufficiently  ex- 
plained as  ahove. 

List  of  Organic  Remains  from  (ht  Sox-siones. 
Vertebrates. 

1.  Trilophodont   Mastodon.       (PI. 

XXXIV.  figs.  1^.) 

2.  Ziphioid  teeth. 

3.  Carcbarodon  megalodon  (tooth). 

4.  Oxyrhina  (tooth). 

5.  Crocodilian  scute  (derived  from 

Eocene  beds). 

MoUuica, 

6.  ConiM  Dujardinii  (?),  2  specimens. 

(PL  XXXIV.  fig.  5.) 

7.  Voluta  Lamberti,  rare. 

8.  Voluta  auris-leporis,  1  specimen. 

(PI.  XXXIV.  %.  6.) 

9.  Pyrula  reticulata,  more  abundant 

than  Voluta. 

10.  Caflsidaria,  sp.,  rare  (8  specimen^). 

(PI.  XXXIV.  figs.  8,9.) 

11.  Trochus  ziziphinus,  2  specimens. 

12.  Trochus,  sp.,  1  specimen. 

13.  Natioa,  sp.,  1  specimen. 

14.  Natica,  sp.,  2  specimens. 

15.  TurritcUtt,  sp.,  not  rare. 

16.  Bulla,  sp.,  not  rare. 

17.  Trophon,  sp.,  rare. 

18.  Trophon,  sp.,  rare. 


19.  Nassa  ?,  rare. 

20.  Dentalium,  sp.  (ooAtatum  ?),  not 

rare. 

21.  Pectuncultis  glycimeris,  abundant. 

22.  Isocardia     lunulata,     not     rare. 

(PI.  XXXIV.  fig.  10.) 

23.  Panopea,  sp.  (Faujasii  ?),  not  rai«. 

24.  Mya,  sp.  ?,  not  rare. 

25.  Cyprina  islandica,  rare. 

26.  rustica,  rare. 

27.  Venus  (large    sp.),    1   specimen. 

(PI.  XXXIV.  fig.  7.) 

28.  Glycimeris  angusta  (sp.  ?),  3  spe- 

cimens. 

29.  Astarte  sulcata,  2  specimons. 

30.  Pecten  opercularis,  rare. 

31.  Pecten  (small  sp.),  not  rare. 

32.  Cardium  deoorbcatum,  not  rare. 

33.  Cardium  renustum,  1  specimen. 

34.  Abra,  .sp.,  not  rare. 

35.  Tellina,  sp.,  rare. 

Cirrhipede, 

36.  Balanus  indusus,  1  specimen. 

Vegdalle, 

37.  Wood  (exogenous),  not  ni«. 


III.  A  NEW  ZiprtioiD  Cetacean  prom  the  Suffolk  Bone-bed 
{ChonezipUvs  Packardi).     PI.  XXXIII.,  figs.  1-4. 

The  fossil  about  to  be  described  was  found  lying  by  the  side  of  a 
crag-pit  near  Eelixstow,  Sufifolk,  and  was  for  many  years  in  the  col- 
lection of  tho  lady  after  whom  Nucula  Cohholdim  was  named.  It 
has  lately  been  presented  by  Mr.  Cobbold,  with  some  other  fossils, 
including  a  wonderfully  fine  specimen  of  Pleurotoma  intorta,  to  the 
Ipswich  museum,  that  instittition  having  during  the  past  year, 
through  tho  exertions  of  Mr.  Edward  Packard,  Mayor  of  the  town, 
been  much  enlarged  and  extended  in  its  series  of  crag  fossils.  Mr. 
Packard  has  given  some  very  valuable  specimens  from  his  own  collec- 
tion to  the  museum,  besides  contributing  largely  to  the  expense  of  ar- 
ranging the  collection  and  filling  up  gaps  in  the  suite  of  crag  mollusca. 

The  specimen  is  exceedingly  heavy,  and  is  in  precisely  that 
mineral  condition  which  characterizes  the  cetacean  bones  from  the 
SuiBfblk  bone-bed,  and  which  demonstrates  them  to  have  lived,  not  in 
the  crag  sea  (the  proper  cetacean  remains  of  which  are  pulverulent, 
as  I  pointed  out  in  the  Quart.  Joum.  Geol.  Soo.  1865,  i.  223),  but 
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in  the  preceding  Diestien  epoch,  the  breaking  up  of  the  accumulation 
of  that  period  having  furnished  the  numerous  cetacean  remains,  the 
box-stones,  and  the  phosphatic  properties  to  the  Suffolk  bone-bed. 

Like  other  ziphioid  snouts  and  bones  from  this  bed,  the  specimen 
bears  the  marks  of  terminated  P/ioZas-borings.  The  moUusks  appear 
to  have  penetrated  the  matrix  which  once  surrounded  the  fossil,  and 
to  have  been  stopped  by  the  peculiar  properties  of  the  dense  bone. 

The  specimen  is  16|  inchus  long ;  anteriorly  it  is  complete,  pos- 
teriorly it  is  broken  at  the  same  point  as  are  all  the  ziphioid  snouts 
from  this  bed,  viz.  in  a  plane  corresponding  with  the  anterior 
boundary  of  the  nasal  orifice  above,  and  below  with  the  junction  of 
the  palatine  and  maxillary  bones.  The  solid  fragment  or  rostrum 
which  is  preserved  consists  therefore  of  the  maxillary,  intermax- 
illary (the  expanded  portion  being  imperfect),  and  vomerine  bones. 

It  is  much  broader  posteriorly  tiban  anteriorly,  measuring  6|  inches 
at  its  posterior  limit  and  tapering  gradually  from  that  to  a  sub- 
acute anterior  termination. 

Seen  from  above  (PI.  XXXIII.  fig.  2)  it  is  somewhat  flat,  rising 
a  little  into  convexity  anteriorly  and  considerably  raised  at  the  pos- 
terior margin  round  a  deep  and  wide  fossa  {ocrg),  which  is  excavated 
in  this  part  of  the  surface  in  connexion  with  a  superficial  groove  (r  g). 

Seen  from  below  (PI.  XXXIII.  ^^,  1)  it  is  considerably  arched, 
being  highest  posteriorly  and  elevated  into  a  marked  keel  in  the  pos- 
terior third  of  the  middle  line,  which  is  continued  into  a  prominent 
vertical  ridge,  projecting  from  the  posterior  surface  of  the  specimen. 
The  lateral  angles  are  also  produced,  so  that  the  posterior  region  pre- 
sents a  trifid  appearance.  The  keel  spreads  out  anteriorly  into  a  wide 
convex  area  marked  out  on  either  side  by  a  ridge.  Two  lateral  ridges 
on  either  side  also  run  from  behind  forwards,  passing  somewhat  ob- 
liquely towards  the  inferior  surface  as  they  proceed.  The  superior 
and  most  prominent  of  these  probably  marks  off  the  maxillary  from 
the  intermaxillary  component  of  the  rostrum.  The  most  important 
feature  presented  by  the  inferior  surface  of  the  rostrum  is  its  rather 
sudden  approximation  to  the  superior  surface  anteriorly,  so  that  in 
profile  (PI.  XXXIII.  fig.  3)  it  appears  to  bend  upwards  like  the  bows 
of  a  boat,  whilst  a  small  portion  (the  most  anterior)  of  the  rostrum 
projects  again  forward  from  this  like  a  bowsprit.  Below  and  pos- 
teriorly to  this  most  anterior  part  of  the  rostrum  is  a  cavity  |  of  an 
inch  in  diameter,  extending  axially  to  the  rostrum  (PI.  XaXIII. 
figs.  1  &  3,  vc)y  the  "  remains  of  the  primitive  trough-like  cavity  of  the 
vomer  "  as  Professor  Huxley  calls  it  in  describing  Belemnozi/phius. 

Seen  in  profile  (PI.  XXXIII.  ^^,  3),  the  whole  rostrum  is  not 
unlike  the  roughly  cut  hull  of  a  sailing-vessel,  with  flat  deck,  keel 
below,  tapering  bows,  and  square  stem  of  exaggerated  breadth. 

The  canals  which  are  present  in  this  rostrum,  besides  the  axial 
vomerine  canal,  transmitted  vessels,  and  nerves,  are  of  the  same 
nature  as  those  seen  in  rostra  of  Belemnoziphivs ;  at  the  same  time 
they  have  not  an  exactly  similar  disposition.  '  The  fractured  poste- 
rior superior  border  of  the  specimen  presents  on  each  side  of  the 
middle  vertical  ridge,  more  or  less  completely  according  to  the  degree 
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of  fracture,  a  pair  of  canals  (four  in  all).  One  of  these  canals  (PL 
XXXIII.  figs.  2,  3,  &  4,  i  l)  (on  each  side)  is  a  Httle  wider  than  a 
common  lead-pencil  and  is  exposed  at  the  extreme  lateral  points  of 
the  rostrum,  running  thence  downwards  and  forwards  for  a  few 
inches,  when  it  receives  the  other  canal  (the  two  sides  corresponding), 
which  is  smaller  and  has  a  superior  position  (si).  The  smaller 
canal  has  its  posterior  termination  (caused  hy  fracture  which  has 
destroyed  more  of  the  left  than  of  the  right  of  these  smaller  canals) 
within  an  inch  and  a  half  of  the  median  line  and  on  the  superior 
part  of  the  specimen,  so  that  it  is  not  impossible  that  the  canals 
a,  a,  of  Huxley  ("  On  a  New  Cetacean,"  Quart.  Journ.  GeoL  Soc 
voL  XX.  pi.  xix.,  1864)  are  represented  by  this  pair.  The  course 
of  each  small  canal  is  forwards,  outwards,  and  downwards  to  meet 
the  larger  lateral  canal,  which  it  joins  at  an  acute  angle.  After 
the  junction  of  the  smaller  postero-sux>erior  canals  with  the  laiige 
lateral  canals,  these  continue  to  run  forwards  and  inwards,  as  a  lucky 
split  in  the  specimen,  which  allows  a  piece  of  the  rostrum  to  be 
removed,  enables  one  to  see,  with  regard  to  the  left  side ;  their  ulti- 
mate course  is  not,  however,  traceable.  At  the  point  where  the  larger 
canal  receives  the  smaller  one  on  this  broken  side,  four  slightly 
diverging  smaller  canals  are  given  off,  which  run  forward  in  the  sub- 
stince  of  the  rostrum  and  probably  transmitted  vessels ;  one  of  these 
occupies  the  position  in  which  Prof.  Huxley  describes  a  lateral 
groove  finally  becoming  a  covered  canal  in  Belemnoziphius,  viz.  along 
the  line  of  the  lateral  ridge  which  marks  off  the  maxillary  from  the 
intermaxillary  region  of  the  rostrum.  In  this  specimen  the  canal  of 
neither  right  nor  left  side  becojnes  a  groove  externally  ;  but  that  on 
the  left  side  has  a  small  terminal  opening  anteriorly,  though  none  can 
bo  traced  on  the  right  side.  Some  of  these  small  branches  of  the  large 
lateral  canals,  in  a  measure,  represent  the  pair  seen  in  the  trans- 
verse section  of  the  anterior  portion  of  the  rostrum  of  Belemnoziphius 
(see  Prof.  Huxley's  ^g.  D),  which  are  also  present  and  open  exter- 
nally in  Clwneziphius.  How  far  this  system  of  canals  agrees  with 
those  of  the  CJionezipJdus  plunirostris  of  Cuvier  it  is  impossible  to 
say,  without  examination  and  perhaps  section  of  actual  specimens, 
since  the  cast  in  the  British  Museum  of  a  specimen  (not  of  the 
original,  which  is  prtrscrvcd  at  Paris)  does  not  show  either  the 
canals  or  their  orifices.  The  two  fragments  of  ChonezipJiius  in  the 
British  Museum,  from  Suffolk,  are  not  sufliciently  perfect  to  be  of  use. 
The  longitudinal  fracture  of  the  left  side  of  the  rostrum,  whiuli 
shows  something  of  the  disposition  of  the  canals  in  the  middle  part 
of  their  course,  also  demonstrates  the  solidity  and  density  of  the 
structure.  It  further  shows  that  the  keel,  described  as  marking  the 
posterior  third  of  the  inferior  surface,  is  continuous  with  a  central 
mass  of  bone  reaching  forward  from  it,  and  from  which  the  detached 
piece  has  become  separated  along  a  kind  of  surface  of  anchylosis. 
This  central  ridge,  appearing  posteriorly  as  the  keel,  is  the  vomerine 
constituent  of  the  rostrum,  which  is  closely  embraced  by  the  maxil- 
laries  and  intermaxillaries,  welded  and  soldered  to  it  ^vithout  ajiy 
superficial  indication,  such  as  a  suture  or  groove. 
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The  superior  surface  of  this  specimen  does  not  present  the  complete 
pair  of  grooves  which  run  along  the  saperior  surface  in  Bdemno- 
ziphiuSy  enclosing  between  them  a  central  vomerine  area ;  nor,  like 
tjpical  GhonezijMus  ptanirostris,  does  it  present  a  bifid  structure  in 
^e  presence  of  a  central  groove  stretching  from  the  orifice  of  the 
vomerine  canal;  on  l^e  contrary,  the  curious  projection  of  the 
anterior  end  of  the  rostrum  (which  is  paralleled  in  some  specimens 
of  BeUmtumphius)  overhangs  and  conceals  the  vomerine  canal,  and 
the  surface  is  peiiectlj  smooth,  neither  indicating  the  junction  of 
the  intermaxillaiies  by  a  median  fissure,  as  in  Chaneziphius  plani- 
rogtris,  nor  allowing  the  vomer  to  appear  between  those  bones,  as  in 
BeUmnoziphivs, 

The  large  unsymmetrical  fossae  excavated  in  the  expanded  por- 
tion of  the  iutermaxillaries  at  the  posterior  part  of  the  specimen  lead 
into  short  grooves,  which  run  forward  on  the  surface  and  soon 
dwindle  away  (Plate  XXXIII.  fig.  2,  Z^  and  rg).  These  are  iden- 
tical with  the  grooves  demarcating  the  vomerine  tract  in  Bdemno- 
ziphius ;  but  here  they  terminate  rapidly,  as  in  ChoneziphmSy  by 
the  junction  of  the  intermaxillaries  in  the  middle  line.  They  are 
present  in  Cfhoneziphius  planirostrisy  which  has  similar  fossse  to  those 
seen  in  this  specimen ;  but  in  Cuvier's  first  specimen  the  grooves  are 
for  a  short  space  converted  into  canals,  whilst  in  another  specimen 
of  CJwneziphius  plamrostrisy  of  which  tliere  is  a  cast  in  the  British 
Museum,  tiie  canals  are  as  open  as  in  this  specimen. 

Oenarie  position  and  species, — The  rostrum  under  description 
clearly  does  not  belong  to  Professor  Huxley's  genus  Belemnoziphius, 
which  is  remarkably  well  characterized  not  only  by  the  solidity  of 
the  rostrum,  the  complete  exposure  of  the  central  vomerine  area 
(which  Professor  Owen,  differing  from  Cuvier,  Duvemoy,  Gervais, 
and  Van  Beneden,  terms  prefrontal),  but  also  by  the  two  obvious 
perforations  placed  near  the  middle  line  in  the  intermaxillaries  on 
the  anterior  wall  of  the  nasal  fossa  marked  a  a  by  Professor  Huxley 
in  his  figure  of  Belemnoziphiiis  compressus. 

The  series  of  canals  in  Belemnoziphius  and  Chonezipld'us  differ  in 
a  very  marked  manner ;  but  it  is  not  possible  to  determine  their 
exact  relations  without  detailed  comparison,  and  perhaps  cutting 
specimens.  Becentiy  in  Paris  I  had  the  opportunity,  by  the  kind- 
ness of  M.  Gervais,  of  examining  carefully  the  rostra  of  Cuvier's 
types  of  Z,  planirostris  and  Z.  hmgirostris,  Z.  longirostris  {Belemno- 
ziphius) comes  very  near  to  the  Seychelles  Ziphius  (M,  densirostris), 
and  differs  remarkably,  as  do  all  our  Crag  Belemnoziphiiy  from  Cho- 
neziphius  in  the  absence  of  the  large  unsymmetrical  fossse  seen  in 
the  latter  genus,  and  in  the  presence  of  the  sharply  marked  orifices 
leading  into  a  canal  (a  a  of  Huxley's  paper),  which  is  absent  in  the 
other.  Professor  Owen  marks  these  structures  as  identical  in  his 
recent  monograph;  but  they  have  a  distinct  character,  though 
possibly  related  in  origin.  It  is  not  possible  to  folly  compare  the 
canals  of  Belemnoziphius  with  those  of  Choneziphius,  on  account  of 
the  loss  of  the  expanded  portion  in  all  specimens  of  the  former  genus. 
The  specimen  which  best  shows  the  proximal  part  of  the  rostrum  of 
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Belemnoziphius  is  that  numbered  27432  in  the  BritiBh  Museum ;  it 
is  more  complete  than  Cavier's  specimen  of  longirattris.  There  is 
no  doubt  that  the  new  ziphioid  rostrum  from  Suffolk  belongs  to  the 
genus  ChoneziphiuB  as  amended  by  Huxley.  It  differs  from  the 
described  specimens  of  Ck,  planirostrUy  and  from  a  small  cast  (not 
of  the  type  specimen)  in  the  British  Museum,  in  the  pointed  termi- 
nation of  the  rostrum,  a  solid  bit  projecting  beyond  the  axial  cavity 


Fig.  I,— Shun  of  Chone- 
ziphius  planirostris. 


Fig.  2.— /SXtmIZ  of  Chone- 
xiphius  CuTieri. 


in  place  of  it8  presenting  a  bifid  termination ;  also  the  outline  is  much 
thicker  and  less  cylindrical  than  in  the  cast  alluded  to.  I  was, 
however,  surprised  to  find,  in  comparing  Cuvier's  two  specimens  of 
Ziphius  planirostris  and  a  cast  of  a  third  in  Paris,  that  great  dif- 
ferences in  these  particular  characters  of  the  rostrum  existed. 
Cuvier's  second  specimen  has  recently  been  called  Z,  Ouvieri  by  Pro- 
fessor Owen ;  and  as  it  is  perhaps  useful  to  distinguish  the  various 
forms,  I  propose  to  call  this  fix)m  Suffolk  Choneziphius  Paelcardi,  in 
honour  of  my  friend  the  liberal  and  excellent  Mayor  of  Ipswich.  It 
comes  nearest  to  Ch,  Cxwieri  of  the  three  specimens  which  are  in 
the  Museum  of  the  Jardin  des  Plantes,  since  the  general  outline 
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agreed  best  with  that,  as  well  as  the  solid  termination  of  the  rostrum. 
But  it  is  perhaps  a  legitimate  question  as  to  whether  the  forms  of 
Choneziphius  represented  by  Cuvier's  first  specimen,  by  his  second, 
by  the  cast  sent  by  Prof.  Van  Ueneden  to  Paris  of  a  third,  by  the 
small  cast  in  the  British  Museum^  and  finally  by  this  new  Suffolk 
specimen  are  not  all  varieties  of  age  and  sex  of  one  species.  H^fpe- 
roodon  is  known  to  be  exceedingly  variable  in  the  characters  of  the 
rostrum  within  the  limits  of  the  same  species,  and  so  perhaps  were 
the  fossil  ziphioids.  If  this  is  not  the  case  it  is  ver}'  strange  that 
nearly  every  new  specimen  of  a  ziphioid  rostrum  which  turns  up 
baifles  all  attempts  at  finding  its  counterpart,  and  requires  a  new 
specific  name.  Choneziphius  Fctckardi  stands  certamly  at  one 
end  of  the  series,  the  other  extreme  being  represented  by  the  small 
cast  of  Choneziphius  in  the  British  Museum.  Woodcuts  of  Cuvier's 
Ziphias  planirostris  (fig.  1)  and  of  Z,  Cuvieri  (fig.  2)  are  here  given 
for  the  sake  of  comparison  with  the  plate*. 

I  would  direct  the  attention  of  those  who  are  interested  in  the 
study  of  fossil  Cetacea,  and  who  have  seen  the  Monograph  of  Crag 
Cetacea  lately  issued  by  the  Palaeontographical  Society,  to  a  paper 
published  by  me  in  1867  on  the  structure  of  the  tooth  of  Micro- 
pteron  J^owerbiense,  in  which  I  described  the  nipple Hshaped  tooth  of 
Z.  Layardi  and  Berardius  Amuxiiy  as  well  as  that  of  the  tooth 
specially  treated  of,  and  drew  certain  conclusiona  as  to  the  character 
of  recent  and  fossil  ziphioid  teeth,  which  are  now  set  forth  afresh, 
without  reference  to  that  paper,  by  Prof.  Owen ;  so,  too,  the  views 
which  I  first  advocated  in  this  Journal  as  to  the  Diestien  character 
of  the  Crag  Cetacea  are  adopted  without  acknowledgment  of  any 
kind,  though  widely  differing  from  Professor  Owen's  ibrmer  views. 

It  should  be  remarked  that  the  numerous  sections  of  rostra  given 
in  the  recent  Monograph  are  purely  imaginary,  and  that  the  sepa- 
ration of  the  bones  marked  14  and  15  therein  is  hypothetical.  Whilst 
no  generic  divisions  of  Ziphius  are  recognized,  the  specific  name 
applied  some  years  since  by  Prof.  Huxley  to  a  Belemnoziphius^ 
namely  '*  eompressus,^'  is  taken  by  Professor  Owen  without  any  ex- 
planation, and  applied  as  his  own  to  another  species.  As  a  reply 
to  assertions  on  the  last  page  of  the  Monograph,  I  am  glad  to  be 
able  to  mention  here  that  I  have  obtained  a  Cetacean  tooth  of  the 
Zeuglodont  type  from  Suffolk.  I  mentioned  its  occurrence  in  the 
*  Geological  Magazine '  (1868) ;  it  is  probably  one  of  the  foliaceous 
molars  of  the  Squalodon  antverpiensis  of  Van  Beneden  and  Gervais. 

IV.  The  Trilophodoitt  Mastodon  of  ths  Suffolk  Bone-bed 
(Plate  XXXIV.  figs.  1-4). 

In  the  *  Geological  Magazine '  for  1869, 1  briefly  noticed  the  oc- 
currence of  a  trilophodont  Mastodon  in  the  Suffolk  bone-bed,  having 
observed  an  upper  penultimate  molar  in  the  collectioh  of  Mr.  Baker, 
of  Woodbridge,  which  indicated  such  a  form.   This  specimen  is  drawn 

*  I  have  to  thank  the  authorities  of  the  Palteontographical  Society  for  the 
loan  of  these  figures. — ^E.  £.  L. 
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in  Plate  XXXI Y.  fig.  1.  During  the  past  year  I  have  examined 
the  collections  of  Mr.  Whincopp,  of  Woodbridge,  of  the  Rev.  H. 
Canham,  of  the  Mayor  of  Ipswidi,  of  the  Ipswich  Museum,  of  Mr. 
MacLean  of  Yarmouth,  of  Mr.  Roper  of  Lowestoft,  of  the  British 
Museum,  and  others  less  extensive,  with  the  view  of  obtaining  further 
evidence  as  to  thin  new  British  Mastodon.  The  result  has  been  that 
in  Mr.  Whincopp's  collection  I  observed  two  fragments  consisting  of 
two  constituent  ridges  of  a  mastodont  molar  quite  distinct  from  M.  a/r- 
vemensis.  In  the  collection  of  Mr.  Canham  I  found  three  fragments, 
two  of  which  are  here  figured  (PI.  XXXIV.  figs.  3,  4),  one  of  which  is 
very  similar  to  those  belonging  to  Mr.  Whincopp ;  in  the  British  Mu- 
seum three  similar  fragments  were  detected  with  the  aid  of  Mr.  Davis, 
one  (no.  27850)  consisting  of  2^  ridges,  two  others  (28994  and  28253) 
being  terminal  ridges  with  a  talon  like  that  in  the  figure.  These  eight 
fragments  do  not  furnish  evidence  of  the  Tetralophodont  or  Trilopho- 
dont  character  of  the  teeth  fix>m  which  they  came ;  but  they  agree 
in  important  characters  with  the  thoroughly  typical  three-ridged 
molar  belonging  to  Mr.  Baker.  In  the  collection  of  Mr.  Roper,  of 
Lowestoft,  I  observed  a  much  worn  Mastodon  molar  presenting  but 
three  widely  set  ridges ;  and  a  similar  specimen  was  purchased  by 
Mr.  Gharlesworth  at  Felixstow  in  the  summer. 

The  perfect  molar*  of  Mr.  Baker,  and  the  fragments  since  observed, 
belong  to  that  form  of  Mastodon  tooth  whid^  is  furthest  removed 
from  that  of  M.  arvemensis,  the  only  Mastodon  hitherto  knovni  in 
the  Suffolk  bone-bed.  In  place  of  the  complicated  interrupted 
valleys  of  that  species,  we  have  wide  and  clear  valleys  with  simple 
primary  transverse  ridges,  such  as  Mastodon  okioiicus  presents. 

Mastodon  Borsoni^  which  presents  free  valleys  and  a  three-ridged 
structure  of  the  penultimate  and  anterior  molaiB,  ib  found  in  asso- 
ciation with  Mastodon  arvemensis  in  Central  France ;  hence  it  is  not 
improbable,  prifnd  facie,  that  the  new  Crag  Mastodon  belongs  to 
that  species.  A  close  comparison  of  specimens  is,  however,  dif- 
ficult, for  we  have  no  specimens  of  molars  of  if.  Borsoni  in  the  public 
collections  of  this  country,  and  moreover  the  material  at  present 
obtained  from  the  Crag  is  scanty.  It  is  unfortunate  (though  of  ex- 
ceeding interest  from  another  point  of  view)  that  the  valleys  in  Mr. 
Baker's  otherwise  perfect  specimen  are  occupied  by  a  sandstone 
matrix,  that  of  the  Diestien  "  box-stones,"  which  cannot  be  re- 
moved ;  hence  the  character  of  the  transverse  valleys  in  this  speci- 
men is  not  quite  clear.  Mr.  Canham's  and  other  specimens,  how- 
ever, show  perfectiy  simple  valleys,  agreeing  with  those  of  Borsoni, 
with  one  exception,  the  fragment  drawn  in  PL  XXXIV.  fig.  4.  ^ 

If  not  M.  Borsoniy  the  only  other  species  which  the  new  Suffolk 

*  M.  Lartet,  of  Paris,  has  expressed  to  me  doubts  as  to  the  complete  character 
of  the  specimen,  After  inspecting  a  cast  of  the  upper  surface,  and  would  look 
upon  it  as  a  fragment  of  an  ultimate  molar  of  Teiralophodon  lanffirostris.  I 
must,  therefore,  insist  especially  on  the  fact  that  this  is  tk  perfect  enamel  crown, 
of  three  ridges ;  and  mj  friend  Mr.  G^rge  Busk,  F.ILS.,  than  whose  no  better 
opinion  can  be  found,  authorizes  me  to  state  that  this  is  his  opinion  also,  after 
careful  examination  of  the  specimen. 
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Mastodon  is  likely  to  be  is  the  Miocene  M.  tajoiroides  (M,  turacensis, 
Pom.),  which  also  belongs  to  the  Trilophodont  section,  and  has 
simple  yalleys.  The  molars  of  if.  tapiroides  have  a  very  marked 
dngulum,  and  are  broader  than  those  of  M,  Borsoni;  whilst  the 
ridges  are  not  so  high  relatiyely  as  in  that  species.  A  small  oblique 
plication  running  yertically  on  the  sides  of  the  transverse  ridges  is, 
however,  considered  by  M.  Lartet  (Bnll.  Soc.  G^l.  France,  1859)  its 
most  distingaishing  feature.  Now,  Mr.  Baker's  molar  (PL  XXXTV. 
figs.  1  &  2)  has  shorter  ridges  than  M.  Borsoni,  is  wider  than  speci- 
mens of  the  corresponding  tooth  of  M.  Borsoni  which  I  examined  in 
Paris  and  in  Le  Puy,  and  has  a  considerable  development  of  cingulum, 
which,  though  not  nearly  so  large  as  that  of  if.  tapiroides  is  yet  larger 
than  any  presented  by  if.  Borsoni.  At  the  same  time,  Mr.  Baker's 
specimen,  and  all  the  fragments  except  that  drawn  in  fig.  4,  have  no 
trace  of  the  oblique  vertical  fold  characteristic  of  i/.  tapiroides,  A 
decided  indication  of  this  fold  is,  however,  present  in  Mr.  Canham's 
fragment  drawn  in  fig.  4  (t  r),  and  it  is  a  question  how  far  this  jb 
decisive  of  a  specific  relation  to  if.  tapiroides.  We  have  not  at 
present  the  material  for  deciding  the  question,  though  this  parti- 
cular fragment  (fig.  4)  is  referable  to  that  species.  M.  Lartet,  how- 
ever, informs  me  that  he  has  seen  from  other  localities  evidence  of  a 
form  intermediate  between  M.  tapiroides  and  if.  Borsoni,  and  the 
specimens  from  the  base  of  the  Crag  may  belong  to  such  a  form.  The 
posterior  talon  seen  in  figs.  1  and  2  is  also  preserved  in  the  two 
specimens  in  the  British  Museum,  and  has  a  very  constant  form. 

All  the  specimens  of  this  Trilophodont  form,  excepting  Mr.  Baker's, 
are  mere  fragments,  and  most  are  much  water-worn,  which  is 
significant  of  their  history,  and  contrasts  strongly  with  the  condition 
in  which  the  teeth  of  Mastodon  arvemensis  occur ;  so  much  so  that 
one  is  not  disposed  to  r^ard  the  two  species  as  certainly  contem- 
porary. The  fragments  and  water- worn  bits  of  Ehinoceros-teeth 
may  be  more  consistently  associated  with  this  new  Mastodon ;  and 
on  the  whole  it  seems  probable  that  we  must  assimilate  this  new 
Trihphodon  to  the  Miocene  rather  than  the  Pliocene  species. 

I  am  aware  that  Mr.  C.  B.  Boee  some  years  since  obtained  a  frag- 
ment of  a  Mastodon-tooth  from  gravel-beds,  which  he  considered  to 
be  if.  Borsoni ;  but  the  specimen  and  its  history  appear  to  be  too 
imperfect  to  throw  any  Hght  on  the  Trilophodont  spedes  from  the 
Suffolk  bone-bed,  one  specimen  of  which,  be  it  remembered,  is  of 
pre-Diestien  age. 

v.  LiBT  OF  Species  of  Teerestbial  Mamkalia  from  the  Suffolk 
Bone-bed,  with  befebenge  to  the  nttmbeb  of  Specimens  and 
THE  Collections  containino  them. 

There  is,  and  has  been  for  some  years,  in  that  district  of  Suffolk 
where  the  so-called  *'  coprolites  "  are  dug,  a  remarkable  eagerness  to 
obtain  and  preserve  the  teeth  of  Mastodon  and  other  mammals  found 
in  the  bed.  Very  high  prices  are  given  for  these  teeth  (in  some 
cases  several  pounds),  and  accordingly  many  of  the  most  interesting 
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speeimens  are  in  local  private  collections.  The  foUowisg  list  may 
give  some  assistance  to  any  person  wishing  to  come  at  the  matexial 
relating  to  any  one  of  these  mammalian  forms  which  yet  requires 
working  out.  Caryphodon  and  Byraeotherium,  the  teeth  of  wHdi 
occur  in  this  bed,  are  excluded  from  consideration,  since  they  are 
clearly  of  an  earlier  age  than  the  other  forms,  and  are  in  a  difforent 
minend  condition.  The  late  Br.  Falconer  mistook  a  coryphodont 
molar  in  the  British  Museum  (no.  27432),  from  the  Suffolk  bone- 
bed,  for  the  premolar  of  Mastodon  arvemensis.  All  the  mammalian 
remains  about  to  be  enumerated  are  in  one  and  the  same  mineral 
condition,  having  a  peculiar  gloss  and  weight;  in  most  cases  the 
enamel  crowns  only  of  the  teeth  occur,  the  bony  fangs  having  been 
destroyed.  In  some  carnivorous  teeth,  and  in  two  Mastodon-teeth, 
I  have  seen  the  fangs  preserved.  No  bone  which  could  be  identified 
with  any  of  the  teeth  has  ever  been  found  in  the  bed.  The  species 
are  placed  in  order  of  abundance. 

1.  Sus,  sp.  Molars  of  every  size  are  to  be  met  with.  Mr.  Whin- 
copp,  Mr.  Canham,  and  Mr.  Baker  have  the  best  specimens.  Mr. 
WMncopp  has  a  large  imperfect  canine. 

2.  Bhinoceros  SchUiennacheri,  Eaup.  Fragments  of  Rhinoceros- 
teeth  are  abundant  in  collections ;  perfect  specimens  very  rare,  espe- 
cially specimens  of  the  posterior  upper  true  molars ;  Mx.  Whincopp 
has  two  such  molars ;  Mr.  MacLean,  of  Yarmouth,  has  one.  Anterior 
upper  molars  are  not  so  rare  ;  there  is  one  iu  the  British  Museum, 
and  two  or  three  more  or  less  perfect  in  the  Ipswich  Museum,  in 
Mr.  Whincopp's,  Mr.  Baker's,  and  Mr.  Canham's  cabinets.  Lower 
molars  in  a  perfect  state  (as  far  as  the  crown  is  concerned)  are  more 
common. 

It  is  well  ascertained  that  some  of  these  teeth  belong  to  22.  SdkUi- 
ermacheri,  but  it  has  been  suggested  that  there  are  indications  of  R. 
etruscus  and  of  R,  megarhinus.  It  is  most  desirable  that  this  point 
should  be  cleared  up  as  far  as  possible. 

3.  Tapirus  priscus,  Kaap.  Specimens  of  molar-crowns  of  Tapir, 
more  perfect  than  that  on  which  Prof.  Owen  based  his  identification  of 
the  Suffolk  form  with  Kaup's  T,  priscus,  and  from  various  parts  of 
the  molar  series  are  in  Mr.  Whincopp's  and  Mr.  Baker's  collections. 
The  Eev.  H.  Canham,  of  Waldringfield,  has  the  finest  series, — six 
well-marked  specimens.  The  Tapir-teeth  are  certainly  of  the  same 
age  as  the  Khinoceros-teeth,  if  we  may  infer  any  thing  irom  identity 
of  mineral  condition  and  colouring. 

4.  Mastodon  (Tetralophodon)  arvemensis,  Croizet  and  Jobert 
Very  fine  ultimate  molars  are— one  in  the  Ipswich  Museum,  pre- 
sented by  Mr.  Packard,  another  at  York,  in  Mr.  Heed's  collection  ; 
Mr.  Whincopp  has  no  perfect  large  specimen,  but  a  beautiful  mUk- 
molar ;  Mr.  Baker  has  a  series  of  seven,  nearly  all  perfect  teeth ; 
Mr.  Canham  has  two  very  perfect  penultimate  upper  molars,  one 
with  the  fangs  attached ;  in  the  British  Museum  is  a  perfect  crown 
of  the  lower  ultimate  molar  and  some  fragments.  Altogether  there 
cannot  have  been  taken  out  of  the  Suffolk  bone-bed  more  than  thirty 
perfect  or  nearly  perfect  molars  of  Mastodon  arvemengis.     The  only 

Digitized  by  VjOOQ IC 


1870.]  UUfKESTSR — ^NBWER  TXRTIiJIISS  OP  SUFFOLK.  611 

speciineiiB  of  tusks  from  the  bed  are  one  fragment  in  the  British 
Museum,  and  one  very  small  fragment  in  Mr.  Whincopp's  collection. 

5.  CervuSf  sp.  The  teeth  and  horns  of  Cervine  animals  from  this 
bed  are  abundant  in  collections,  and  indicate  several  species,  which 
cannot  be  considered  as  having  been  at  all  satisfeu^torily  determined. 
Portions  of  jaw  with  teeth  in  situ  are  occasionally  found.  There  is 
such  a  specimen  in  the  British  Museum.  The  collections  already 
mentioned  contain  each  a  few  specimens  which  are  important  in 
attempting  to  work  out  the  Cervi  of  this  deposit.  Mr.  Canham  has 
two  fine  molars  of  the  large  form,  which  was  assigned  by  Professor 
Owen  to  Megaeeros.  Each  of  these  collections  contains  also  one  or 
two  teeth  of 

6.  Hipparion,  sp. 

7.  Eq^JtuSy  sp. 

8.  Castor  veterior,  Lankester,  figured  by  me  in  the  '  Annals  and 
Magazine  of  Natural  History,'  1864,  is  represented  by  two  molars 
and  an  incisor  in  Mr.  Whincopp's  collection. 

9.  Ursus  arvemensis,  Croizet  and  Jobert,  is  represented  by  a 
single  canine  in  Mr.  Whincopp's  collection. 

10.  FdiSf  sp.  Besides  the  fragment  of  a  molar  figured  by  Prof. 
Owen  in  the  '  British  Fossil  Mammals '  as  Felis  pardoidesy  and  now 
in  the  Ipswich  Museum,  I  have  observed  in  Mr.  Canham's  collection 
a  very  perfect  upper  last  premolar  of  a  feline  animal  of  the  same 
size,  also  a  similar  tooth,  more  worn,  in  Mr.  Baker's  collection. 
These  teeth  have  the  fangs  preserved. 

11.  Hycena  awtiqua^  Lankester.  Three  specimens  now  represent 
this  species,  indicated  by  me  in  the  '  Annals  and  Magazine  of  Natural 
History,' 1863, — oneupper  third  premolar  now  in  the  British  Museum, 
for  which  collection  I  purchased  it  at  Felixstow ;  one  lower  third  pre- 
molar in  Mr.  Whincopp's  collection,  much  worn ;  lastly  a  very  perfect 
specimen  of  another  upper  third  premolar  like  the  first,  of  a  much 
deeper  stain,  however,  and  somewhat  more  mineralized,  in  the  col- 
lection of  Mr.  Baker  at  Woodbridge  (PL  XXXIII.  figs.  5,  6). 

12.  Mastodon  (Trilophodon)  sp,  (tapiroides?^  Cuvier).  Perfect 
enamel  crown  of  left  upper  penultimate  molar  in  the  collection  of 
Mr.  Baker  of  Woodbridge  ;  fragments  in  Mr.  Whincopp's,  Mr.  Can- 
ham's,  and  the  British  Museum  collections. 

The  preceding  paragraphs  will  give  some  notion  of  the  fragmen- 
tary character  of  these  remains,  which  would  never  have  been  known 
at  all  but  for  the  careful  sifting  for  phosphatic  nodules  of  the  bed 
in  which  they  occur. 

YI.  List  of  Marine  Mamkalia  fbom  the  Suffolk  Boihs-bed,  with 

lUBFBEBNCE  TO  THE  VITMBEB  OF  SpECDCENS  AND   THE   COLLECTIONS 
COKTAINIKO  THEM. 

1.  Trichecodon  HuxUyi,  Lankester.  Fragments  of  the  tusk  of 
this  species  are  in  nearly  all  collections.  The  finest  I  have  seen 
are  in  Mr.  Whincopp's  and  Mr.  Baker's  collections,  who  have  por- 
tions of  the  base  more  than  a  foot  long. 
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In  the  <  Bulletms  of  the  Belgian  Academy  for  1867,'  vol.  xxiv. 
p.  566,  the  Yicomte  Da  Bub  describes  this  form,  a  fragment  of  the 
task  of  which  Prof.  Van  Beneden  showed  me  from  the  Diestien  beds 
in  1864,  as  Maehtheriwn  Cretsii,  The  description  is  short,  and  no 
figure  is  giren ;  my  Trichecodon  is,  however,  clearly  the  form  de- 
scribed, and  the  name  Trichecodon  Huasleyi  has  precedence  by  three 
years. 

2.  Teeth  of  Ziphioids.  Abundant  in  all  collections  ;  species  un- 
determined. 

3.  Teeth  of  other  large  Cetaceans ;  undetermined. 

4.  Ear-bones  oiBal<ena  and  other  Cetaceans,  including  Ddphinus^ 
not  determined  satisfactorily.  Specimens  of  great  beauty  are  in 
Mr.  Whincopp's  collection,  and  would  admit  of  identification. 

5-12.  Rostra  of  BeJsmnoziphiuSt  seven  species  named.  Besides 
those  with  MS.  names  in  the  British  Museum,  the  collections  of  Mr. 
Whinoopp,  Mr.  Canham,  and  Mr.  Baker  contain  specimens  (especially 
the  first-named  collection)  which  probably  belong  to  yet  other 
species,  and  are  more  perfect  than  those  which  have  been  named. 

13.  Bostraof  Ch&neziphius  pJanirostris,  Cuvier.  A  fine  specimen 
in  Mr.  Whincopp's  collection ;  one  in  the  possession  of  Mr.  Calvert, 
of  the  Strand ;  two  fragments  in  the  British  Museum. 

14.  Rostrum  of  Choneziphtiu  Packardi,  Lankester,  in  the  Ipswich 
Museum ;  also  a  less  perfect  ChonadphiuA  in  my  collection,  perhaps 
Ch,  Cuvteri  of  Owen. 

15  and  16.  Teeth  of  Delphinun,  A  few  in  the  three  principal 
collections,  of  probably  two  species. 

17.  Squalodon,  Long  cylindrical  teeth,  probably  referable  to  this 
genus,  are  in  collections  (see  fig.  Qeol.  Soc).  A  single  foliaceous 
tooth  (of  the  Zeuglodont  type  of  Owen),  undoubtedly  belonging  to 
Squalodon,  probably  S,  antverpiensis^  is  in  the  Rev.  H.  Canham's 
collection. 

EXPLANATION  OP  PLATES  XXXm.  &  XXXIV. 

[Ail  the  figures,  ixoepHng  ikow  o/Chonesiphiu8,  arecftke  natural  mm.] 

Plats  XXXm. 

Fig8.  1-4.  Four  yiewB  of  ths  roitrum  of  a  new  Ziphioid  CeteoMn  (Ckmetipkiui 
Packardi)  from  the  Suffolk  Bone-bed,  near  Felixstow,  in  the  Ipewidi 
Museum,  presented  b^  Mr.  Cobbold.  The  flffures  are  reduced  to  one- 
fourth  the  natural  sue,  linear;  conseqnenUy  they  do  not  give  an 
adequate  notion  of  the  Urge  bulk  and  solidity  of  the  spedmen,  whidi 
measures  16^  inches  in  length. 

Fig.  i,  viewed  from  below;  fig.  2,  viewed  from  above;  fig.  3,  viewed 
from  the  riffht  side ;  fiff.  4,  viewed  from  behind. 

V  e,  primitive  trough-like  cavitv  of  the  vomer;  Ig,  left  groove  of 
the  dorsum ;  rg,  riffht  groove  of  the  dorsum ;  xrg^  eo^MOsion  of  the 
riffht  groove  of  the  dorsum ;  9  A  superior  lateral  canal  (one  on  either 
siae) ;  t  /,  inferior  lateral  cuial  (one  on  either  side). 
Figs.  5  &  6.  Third  upper  premolar  of  the  riffht  side  of  E^wma  aniiinM,  from  the 
Suilblk  Bone-bed,  in  the  collection  of  Mr.  Baker,  of  Woodbridge. 
(Comjiare  the  figures  of  the  two  other  specimens  in  the  '  Annals  and 
Magaiine  of  Natural  History'  for  1864,  ser.  8,  voL  ziii.  pL  viii,  and 
vol.  ziv.  pL  viii.) 
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Plate  XXXIV. 

FifSB.  1-4.  New  Mattodon  from  the  Suffolk  Bone-bed. 

Fig.  1.  Enamel  crown  of  a  left  upper  penultimAte  molar  of  a  Trilophodont 
Mastodon,  with  simple  Tuleys  oetween  the  primary  ridges,  from  the 
Suffolk  Bone-bed.  Diestien  matrix  fills  up  the  Talleys.  Li  the  col- 
lection of  Mr.  Baker,  of  Woodbridge. 

Fig.  2.  Side  yiew  of  the  same  tooth. 

Fig.  3.  Fragment  consisting  of  two  terminal  ridges  of  a  similar  tooth,  probably 
a  U)wer  molar,  from  the  Suffolk  Bone-bed.  In  the  collection  of  the 
Ber.  H.  Canham,  of  Waldringfield. 

Fig.  4.  Fragment  of  another  tooth,  exhibiting  a  slightly  oblique  secondary 
transyerse  ridge  or  fold  of  enamel  (t  r)  crossing  the  yalley,  and  hence 
similar  to  Mastodon  (  Trilophodon)  tapiroides.  In  the  collection  of  the 
Bey.  H.  Ganham. 

Fig.  5.  Conus,  sp.  A  gutta-percha  pressing  from  a  concaye  cast  in  one  of  the 
Suffolk  Box-stones.  The  nodule  is  in  the  collection  of  the  Bey.  H. 
Canham ;  the  pressing  is  in  the  Society's  cabinet. 

Fig.  0.  Valuta  auris-leporis.  A  natural  cast  m  Diestien  sandstone  from  the 
Suffolk  Bone-bed.    In  the  collection  of  the  Bey.  H.  Canham. 

Fig.  7.  A  large  and  flat  Venus,  from  a  gutta-percha  pressing  taken  from  a  con- 
caye cast,  in  a  Suffolk  Box-stone.  The  nodule  is  in  the  Bey.  H.  Can- 
ham's  collection ;  the  pressing  is  placed  in  the  Society's  cabinet. 

Fig.  8.  Natural  cast  of  the  interior  of  a  small  tipecies  of  Cassidaria,  occurring  in 
a  Suffolk  Box-stone.    In  Mr.  Canham's  collection. 

Fig.  9.  Ghittappercha  pressing  from  the  concaye  cast  of  a  similar  shell,  showing 
the  foivn  of  the  apex  of  the  shell  and  its  surface-markingB.  In  a  Box- 
stone  belonging  to  the  Bey.  H.  Canham. 

Fig.  10.  Isoeardia  lunuUUa,  An  abundant  form  in  the  Belgian  Black  Crag,  not 
uncommon  in  the  Suffolk  Box-stones.  Ghitta-percha  pressing  from  a 
nodule  belonging  t  >  the  Bey.  H.  Canham. 

DiSGirssiON. 

Mr.  BoTD  Dawxikb  had  arrived  at  a  different  conclusion  from  the 
antbor,  though  the  discoveries  recorded  in  works  on  palseontology 
showed  a  marked  difference  between  the  Suffolk  and  Norfolk  Crag- 
&una8,  such  as  was  not  borne  out  by  an  examination  of  collections. 
He  considered  that  the  forms  of  Ruminants  showed  a  contempo- 
raneity between  them.  The  supposed  Cenms  dicranoeeros  of  Owen 
was,  in  fact,  another  form  of  deer,  which  was  common  to  the  base 
of  both  the  Suffolk  and  Norfolk  crags.  The  Elephas  meridionalis 
and  Mastodon  arvememis  had  been  found  side  by  side  in  Norfolk,  at 
Montpellier,  and  in  the  Yal  d'Amo,  and  were  therefore  probably 
contemporary.  The  different  lithological  character  in  the  two 
counties  was  probably  due  to  the  different  nature  of  the  underlying 
beds — London  Clay  and  Chalk. 

Sir  Chables  Ltbll  was  much  struck  with  the  perfect  identity 
hetween  the  box-stones  of  Suffolk  and  some  exceptional  Antwerp 
beds  which  he  had  seen  at  Berchem,  and  considered  that  this  was 
sufficient  to  prove  they  belonged  to  the  same  deposit.  He  thought 
that  the  area  between  Belgium  and  England  might  have  contained 
a  large  number  of  terrestrial  beds  which  eventually  left  a  certain 
number  of  their  contents  to  be  mingled  together  in  the  lower  beds 
of  the  later  marine  deposits. 

The  Rev.  J.  QtJim  produced  from  the  Bed  Crag  at  Waldringfield 
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a  portion  of  the  tooth  of  Elepkat  meridionalis.  He  insisted  on  the 
complex  nature  of  the  forest-heds,  which  consisted  of  two  parts,  the 
lower,  estoarine,  containing  E.  meridionalis  and  extinct  forms  of 
deer,  and  the  upper,  terrestrial,  with  remains  of  E.  arOiquus  and 
much  altered  forms  of  E.  meridioTidlis,  approaching  in  some  respects 
to  E.  primigenitu. 

Prof.  Ramsat  pointed  out  the  necessity  of  there  being  a  great 
intermixture  of  remains  of  yarious  characters  and  ages  in  such  de- 
posits as  the  Crag.  If,  for  instance,  Auvergne,  which  had  not  been 
submerged  since  Eocene  times,  were  now  depressed  below  the  sea, 
future  geologists  might  find  the  remains  of  Miocene  animals  inter- 
mingled with  those  of  the  present  day. 

Mr.  Rat  Lahkester,  in  reply,  contended  tliat  the  Ifiocene  forms 
of  Bippariofiy  Bhinoceros  Schleiermacheri,  the  trilophodont  Mas- 
todon, and  other  Miocene  animals  had  nerer  been  found  in  the 
Norfolk  beds ;  while  Elephas  meridionalis  had  not  been  found  in 
those  of  Suffolk.  His  hypothesis  accounted  for  the  facts  mentioned 
by  Mr.  Dawkins,  whilst  Mr.  Dawkins's  hypothesis  did  not  account 
for  the  facts  adduced  in  the  paper.  The  specimen  brought  by  Mr. 
Gunn  was  decidedly  not  from  the  Suffolk  Bone-bed,  but  from  over- 
lying beds. 


2.  Notes  an  an  Angtekt  Bouldeb-clat  of  Natal.  By  Dr.  SuTEn»- 
LAND,  Surveyor-General  of  the  Colony.  Contributed  on  Br.  Su- 
therland's behalf  by  Dr.  Mann,  F.R.G.S.,  F.R.A.8. 

[Communicated  by  Prof.  Ramsay,  F.R.8.,  F.G.S.] 

These  is  largely  developed  in  the  Colony  of  Natal  a  formation 
which  seems  to  be  in  all  essential  particulars  identical  with  Mr. 
Bain's  claystone  porphyry  of  the  Cape  of  Good  Hope.  This  forma- 
tion flanks  a  long  range  of  sandstone  hiUs,  which  runs  from  the 
Tugela  river  frontier,  at  a  distance  of  some  six  or  eight  miles  from 
the  sea,  across  the  Umgeni  river,  and  through  the  Berea  hiUs  to  the 
mouth  of  the  Umbilo.  It  also  crops  out  extensively  near  Maritz- 
burg,  and  stretches  thence,  in  one  direction,  over  the  Umgeni  and 
Umvoti  to  the  Tugela  valley  between  Greytown  and  the  Biggers- 
berg ;  and  in  the  other  direction  over  the  Umlasi  and  Umkomasi 
towards  the  opposite  frontier.  In  the  latter  course  it  goes  onwards 
to  the  St.  John's  river  and  to  the  further  districts  of  the  Cape. 

The  deposit  itself  consists  of  a  greyish-blue  argillaceous  matrix, 
containing  fragments  of  granite,  gneiss,  graphite,  quartzite,  green- 
stone, and  clay-slate.  These  imbedded  fragments  are  of  various 
size,  from  the  minute  dimensions  of  sand-grains,  up  to  vast  blocks 
measuring  6  feet  across,  and  weighing  from  5  to  10  tons.  They  are 
smoothed,  as  if  they  had  been  subject  to  a  certain  amount  of  attri- 
tion in  a  muddy  sediment ;  but  they  are  not  rounded  like  boulders 
that  have  been  subjected  to  sea-breakers.  The  fracture  of  the  rock 
is  not  conchoidal,  and  there  is  manifest  in  its  substance  a  rude  dis- 
position towards  wavy  stratification.     The  general  appearance  is 
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that  of  a  clay  which  has  been  deposited  by  aqueous  action,  and 
afterwards  metamorphosed  by  heat,  pressure,  and  chemical  action. 
In  places  the  deposit  exhibits  the  most  unmistakable  ripple-mark- 
ings, which  seem  to  indicate  that  the  wind,  or  other  force,  which 
agitated  the  water  during  the  period  of  deposit,  acted  at  different 
times  in  different  directions.  The  thickness  of  the  deposit  varies 
in  different  situations,  but  in  some  places  amounts  to  as  much  aa 
1200  feet. 

The  day  is  compact  and  tenacious,  and  unfavourable  to  abun- 
dant supply  of  water.  Borings  into  its  substance  remain  dry  to 
almost  any  depth.  The  surface-soil,  which  is  associated  with  the 
formation,  is  stiff  and  non-fertile  until  it  has  been  loosened  to  a 
considerable  depth  and  thoroughly  worked. 

The  boulder-bearing  clay  rests  generally  upon  old  Silurian  sand- 
stones, which  in  their  turn  are  based  upon  granite  and  gneiss,  and 
which  in  that  connexion  constitute  the  peculiar  South- African  table 
mountains.  Upwards  it  passes  first  into  newer  shales,  and  through 
them  into  the  sandstones  and  shales,  which  are  associated  in  Natal 
with  Carboniferous  deposits.  The  transition  is  very  gradual,  with- 
out any  distinct  line  of  demarcation,  and  often  stretches  through 
a  quarter  of  a  mile  of  debatable  ground.  The  transition  is  very 
well  seen  in  the  Town  hill  directly  above  Maritzburg.  The  only 
real  difference  between  the  shale  and  Boulder-day  seems  to  be, 
that  in  one  of  them  the  matrix  is  of  uniform  homogeneity  and  fine- 
ness, while  in  the  other  extraneous  fragments  of  rock  are  brec- 
ciated  in  the  argillaceous  substance.  Near  the  Umpambinyone  and 
Umzinto  rivers  the  boulder-bearing  clay  passes  into  beds  which 
very  nearly  simulate  the  condition  of.  true  slate,  but  have  their 
lines  of  cleavage  in  the  direction  of,  instead  of  transverse  to,  the 
general  stratification.  In  one  instance,  in  this  situation,  there  is  a 
fine  flagstone  very  closely  resembling  the  Caithness  Sandstone. 
Bipple-markings  are  plentifully  developed  where  the  Boulder-day 
passes  into  these  fine  slates  and  flagstones. 

The  old  sandstones  which  lie  immediately  beneath  the  Boulder- 
clay  have  tlieir  tipper  surface,  in  many  instances,  deeplv  grooved 
and  stiiated,  as  if  a  semiplastic  substance,  containing  hard  and 
angular  fragments,  had  been  passed  over  it  with  considerable 
pressure. 

The  rocky  fragments  imbedded  in  the  Boulder- clay  formation  are 
all  of  them  of  the  character  of  the  rocks  that  are  contemporaneous 
with,  or  inferior  to,  the  SiLuriau  Sandstone.  Fragments  of  a  higher 
series  are  never  found  in  the  matrix.  In  some  instances  very 
ponderous  rock-fragments  are  found  as  much  as  fifty  or  sixty  miles 
away  from  the  sources  of  their  derivation. 

Mr.  Bain,  in  his  communication  to  the  *  Journal  of  the  Geological 
Sodety '  in  the  year  1866,  has  very  exactly  expressed  the  condition 
and  relations  in  which  this  boulder-formation  is  found  in  Natal, 
flanking  the  sandstone-beds  which  cap  the  granite  and  gneiss.  It 
is,  however,  certainly  very  questionable  whether  this  so-called 
Claystone  Porphyry  of  Mr.  Bain  is  really  of  the  nature  of  porphyry. 
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Br.  Satherland  holds  that  it  is  obviously  a  brecdated  congLomente, 
derived  from  aqueous  deposit,  rather  than  an  igneous  por^yiy,  and 
he  urges  the  foUowing  reasons  in  justification  of  this  view. 

In  the  first  place,  he  has  sought  for  years  for  the  vent  through 
which  such  a  vast  mass  of  erupted  ro<^  could  have  been  thrown. 
Where  such  a  mighty  mass  is  concerned  its  eruption  from  beneath 
could  not  have  been  ^ected  without  leaving  very  obvious  marks  of 
volcanic  disturbance.  There  are  no  such  indications  anywh^e. 
Mr.  Bain  has  suggested  the  possibility  of  some  such  vent  having 
existence  about  the  sources  of  the  Orange  river.  In  that  district 
there  is  certainly  no  trace  of  such  rock-convulsion. 

Then  the  abundant  ripple-markings,  and  the  gradual  transition 
into  fine  shales  and  sandstones  of  unquestionably  aqueous  origin, 
are  incompatible  with  the  theory  of  volcanic  or  igneous  formation ; 
as  is  also  the  rubbed  condition  of  the  fragments,  and  the  absence  in 
them  of  all  signs  of  fire-action  or  fusion. 

And  yet,  again,  there  is  the  transport  of  Uie  vast  ponderous 
blocks  to  long  distances,  and  the  scorings  and  groovings  of  the 
sandstone  upon  which  the  Boulder-day  formation  rests,  to  be  ac- 
counted for. 

On  the  whole,  these  drcqmstances  seem  to  indicate  that  the 
constituents  of  this  Boulder-clay  have  been  derived  from  the  super- 
ficial denudation  of  older  rocks  by  aqueous  agency,  and  that  it  has 
assumed  its  existing  relations  to  the  other  rocks  while  in  the  con- 
dition of  a  moist  and  plastic  mass.  In  all  probability  tiie  finer 
shales,  containing  impress  of  the  ripple-marks,  were  formed  during 
periodis  of  approximate  repose ;  and  catadysmic  violence  and  dis- 
turbance had  ceased  altogether  when  the  depodt  of  such  beds  as 
the  Maritzburg  shales  began. 

Dr.  Sutherland  inclines  to  think  that  the  transport  of  vast 
massive  blocks  of  several  tons'  weight,  the  scoring  of  the  sub- 
jacent surfiices  of  sandstone,  and  the  simultaneous  deposition  of 
minute  sand-grains  and  large  boulders  in  the  same  matrix,  all 
point  to  one  agency  as  the  only  one  which  can  be  rationally  ad- 
mitted to  account  satisfactorily  for  the  presence  of  this  remarkable 
formation  in  the  situations  in  which  it  is  found.  He  believes 
that  the  boulder-bearing  day  of  Natal  is  of  analogous  nature  to  the 
great  Scandinavian  drift,  to  which  it  is  certainly  intimately  allied 
in  intrinsic  mineralogical  character;  that  it  is  virtually  a  vast 
moraine  of  olden  time ;  and  that  ice,  in  some  form  or  other,  has 
had  to  do  with  its  formation,  at  least  so  far  as  the  deposition  of  the 
imbedded  fragments  in  the  amorphous  matrix  are  concerned.  He 
dwells  particularly  upon  the  fact  that  Prof.  Ramsay  has  already  as- 
signed certain  brecdas  of  Permian  age  to  gladal  periods  and  agency, 
and  that  there  is  good  reason  for  referring  the  coal-bearing  shale 
of  Natal,  into  which  this  boulder-bearing  clay  passes  almost  imper- 
ceptibly, to  the  Permian  system. 

For  these  various  reasons,  Dr.  Sutherland  submits  that  the 
Boulder-day  formation  of  Natal  should  be  classed  with  the  Permian 
glacial  breccias  of  Prof.  Ramsay. 
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DisGXJSSioir. 

Dr.  Makk  called  attention  to  some  specimens  which  he  had 
brought  in  illustration  of  Dr.  Sutherland's  paper,  showing  the  gra- 
dual transition  from  a  state  closely  resembling  that  of  an  igneous 
rock,  into  that  of  a  truly  stratified  deposit. 

Mr.  T.  M'K.  HuGECBs,  while  admitting  a  recurrence  of  glacial 
periods,  disputed  the  evidence  in  the  cases  hitherto  brought  forward. 
He  adduced  instances  of  similar  accumulation  of  similar  fragments 
in  recent  and  ancient  deposits  which  could  not  be  referred  to  glacial 
origin;  and  showed  how  striation  of  the  included  fragments  was 
frequently  produced  by  movements  in  the  mass  subsequent  to  con- 
solidation, pointing  out  that  the  supposed  glacial  deposits  of  Old 
Red  age  were  formed  under  conditions  similar  to  those  under  which 
such  irregular  accumulations  were  formed  at  the  present  day ;  that 
9II  the  striated  fragments  occurred  close  to  faults ;  that  the  Permian 
in  the  north  of  England,  where  it  was  deposited  between  high 
mountains,  and  might  therefore  be  expected  to  be  supplied  in  part 
by  glaciers,  contained  no  fragments  from  the  higher  ground  of  the 
Pennine  range.  He  urged  that  the  Natal  deposit  was  not  like  a 
Boulder-clay,  being  ripple-marked  and  distinctly  bedded,  and  that 
it  had  been  subjected  to  pressure  so  great  as  to  have  produced  di- 
stinct cleavage. 

Prof.  Bamsat  combated  the  views  of  Mr.  Hughes,  and  maintained 
that  there  was  no  necessity  for  supposing  that  all  the  pre-Carboni- 
ferous  rocks  were  above  water  at  the  time  of  the  deposit  of  the 
Permian  beds  of  the  north  of  England.  Still  he  had  never  main- 
tained that  any  of  those  deposits  were  due  to  glacial  action,  but 
only  more  southern  beds.  He  pointed  out  that  in  the  Natal  beds 
under  discussion  enormous  blocks  of  rock  occurred,  which  were  60 
or  80  miles  from  their  original  home,  and  still  remained  angular ; 
and  there  was  a  difSculty  in  accounting  for  the  phenomena  on  any 
other  hypothesis  than  that  suggested.  He  still  maintained  the 
probability  of  the  occurrence  of  glacial  episodes,  not  only  in  Per- 
mian but  in  other  ages,  as  he  had  done  now  fifteen  years  ago.  A 
Boulder-day  might  be  recognized,  not  only  by  the  striae  on  the 
stones,  which  were  not  always  present,  but  by  their  shape  and 
the  general  character  of  the  agglomeration  of  the  beds. 


3.  On  the  Distribution  of  Wastdale-Cbag  Blocks,  **Shap-Fell 
Granite  Bouldebs,"  in  Wbstmobelahd.  By  Professor  Bobebt 
Habkuess,  P.B.S.,  P.G.S. 

[Platb  XXXV.] 
The  dispersion  of  blocks  of  porphyritic  granite,  which  have  been 
originally  derived  from  Wastdale  Crag,  a  hill  lying  three  miles 
south  of  Shap,  in  Westmoreland,  has  long  excited  the  attention  of 
geologists.  These  granite  blocks,  to  which  the  term  '^Shap- 
granite"  boulders  has  been  applied,  are  alluded  to  as  early  as  1836 
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by  Professor  PhiUipe,  who  has  described  the  directioii  which  these 
blocks  have  taken  daring  the  period  of  their  dispersion  ;  who  also 
mentions  the  occurrence  of  these  blocks  on  Stainmoor,  a  pass  in  the 
Pennine  chain,  and  their  having  travelled  over  some  of  the  hills 
and  vallevs  of  Westmoreland,  South  Durham,  and  Yorkshire*. 

Wastdale  Crag,  from  whidi  these  blocks  have  been  derived,  is 
a  low  rounded  hill,  a  little  more  than  four  miles  IJ.W.  of  Tebay 
station,  on  the  Lancaster  and  Carlisle  railway.  It  is  composed 
wholly  of  porphyritic  granite,  which,  on  the  western  side  of  the 
granitic  area,  attains  an  elevation  of  about  1600  feet  above  the 
level  of  the  sea. 

This  area  of  porphyritic  granite  is  flanked,  on  the  western  side, 
by  ashes  and  pofphyries,  which  belong  to  the  Bala  age ;  and  these 
ashes  and  porphyries  on  this  side,  immediately  adjoining  the  gra- 
nite, attain  to  a  greater  elevation  than  the  granite,  rising  to  a 
height  of  1 853  feet  in  the  summit  of  Wastdale  Pike ;  and  a  little 
further  westward  some  of  the  hill-tops  are  somewhat  higher. 

The  g^nitic  area  of  Wastdale  Crag  has  a  somewhat  irregular 
outline.  Its  greatest  breadth  is  from  E.S.E.  to  W.N-W.,  being 
about  two  miles  across.  In  a  north  and  south  direction,  the  greatest 
length  which  it  attains  is  about  If  milef. 

The  country  for  about  1|  mile  east  of  Wastdale  Crag  is  some- 
what open  and  flat,  with  an  elevation  of  about  1100  feet  above  the 
sea. 

A  short  distance  further  east  it  sinks  down  to  about  800  feet,  so 
that  the  highest  point  of  the  granite  is  about  800  feet  above  the 
country  immediately  east  of  the  Crag. 

The  district  east  of  Wastdale  Crag  is  the  area  over  which  the 
great  mass  of  the  granite  blocks  has  been  dispersed ;  but  this  dis- 
persion is  not  confined  to  an  eastern  course.  Large  blocks  of 
granite  are  very  abundant  in  the  town  of  Shap,  and  they  can  also 
be  seen  in  the  walls  for  a  distance  of  about  half  a  mile  west  of 
8hap,  on  the  road  to  Shap  Abbey  t.  Their  position  here  is  about 
three  miles  due  north  of  Wastdale  Crag,  and  the  blocks,  as  con- 
trasted with  such  as  are  seen  in  Shap  itself,  are  of  a  comparatively 
small  size.  There  are,  however,  some  laige  blocks  of  rocks  in  the 
fields  between  Shap  and  Shap  Abbey,  which  have  received  the  name 
of  "  Thunder- stones."  These  are  not  granite  masses,  but  consist  of 
green  porphyries,  which  have  come  from  the  high  ground  on  the 
west  side  of  the  river  Lowther. 

The  country  which  lies  east  and  north-east  of  Shap  exhibits 
great  quantities  of  Wastdale-Crag  boulders.  In  a  N.NJE.  direction, 
they  can  be  traced  six  miles  from  Shap,  being  seen  in  the  walls  and 

*  Qtoi.  of  Yopkahire,  vol.  ii.  p.  162. 

1 1  am  indebted  to  tbe  kindnees  of  W.  T.  Aveline,  Esq.,  of  the  Geol.  Surrey, 
for  fumiahmg  me  with  a  tnunngof  tlie  granite  ares  of  Wastdale  Crag. 

\  In  many  localities  where  Wastdale-Cra^  blocks  and  other  large  boulders 
occur,  they  hare  been  removed  from  their  original  positions  in  consequence  of 
agricultural  improTementa.  They  hare  been  used  extensively  for  walling-pur- 
poaes,  and,  in  many  spots,  large  blocks  of  these  rocks  have  been  made  use  of  for 
basement  courses  of  houses  and  farm-buildings. 
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fann-bailding8  in  the  village  of  Cliburn.  They  do  not,  however, 
seem  to  occur  in  the  country  which  lies  west  of  a  line  from  Shap  to 
Cliburn. 

They  can  be  recognized  about  two  miles  N.E.  of  Cliburn,  at  Tem- 
ple Sowerby.  1  learn  from  Professor  Phillips  that  he  has  seen 
Wastdale-Crag  blocks  at  Long  Wathby,  on  the  east  side  of  the  river 
Eden,  at  a  distance  of  5^  miles  north  from  Cliburn ;  and  this  is  the 
most  northern  limit  which  has  been  yet  recognized  of  the  occur- 
rence of  these  blocks.  Long  Wathby  is  four  miles  N.E.  of  Pen- 
rith. In  the  interval  between  those  two  places  no  Wastdale-Crag 
blocks  have  been  found,  nor  are  there  any  traces  of  them  in  the 
district  between  Penrith  and  Cliburn ;  and  in  the  country  due  S.  and 
S.W.  of  Penrith  their  occurrence  is  unknown. 

From  the  south  side  of  Wastdale  Crag,  the  granite  blocks  have 
taken  a  S.E.  course. 

They  are  found  as  fiar  south  as  Tebay ;  and  I  learn  from  Mr. 
M*K.  Hughes  that,  although  few  of  them  cross  the  river  Lune,  he  has 
met  with  them  at  a  distance  of  about  one-third  of  a  mile  south  of  the 
village  of  Langdale,  which  is  about  half  a  mile  south  of  the  Lune. 
Prom  this  spot  the  direction  of  their  course  has  an  E.S.E.  boundary, 
which  leads  into  the  valley  of  the  Eden.  In  the  upper  portion  of 
this  valley,  they  are  not  seen  so  far  south  as  Kirkby  Stephen,  but 
about  2^  miles  to  the  N.N.E.  thereof,  at  Brough  Sowerby,  they 
occur  in  considerable  abundance.  They  do  not,  however,  seem  to 
make  their  appearance  on  the  south  side  of  the  River  Bela,  a  stream 
which  runs  into  the  Eden  between  Kirkby  Stephen  and  Brough 
Sowerby.  From  the  Bela  the  boundary  of  their  southern  distribu- 
tion runs  E.N.E.  to  Stainmoor,  and  very  few  make  their  appear- 
ance on  the  south  side  of  Argill  beck,  and  none  seem  to  occur  along 
the  line  of  the  South  Durham  railway  between  Kirkby  Stephen  and 
the  summit-level.  They  can  be  seen  on  the  north  side  of  Argill 
beck,  a  very  fine  block  occurring  near  a  small  public-house,  about 
half  a  mile  N.W.  from  the  farm  called  Palliard. 

Few,  if  any,  of  the  blocks  of  Wastdale-Crag  granite  appear  to 
have  crossed  the  watershed  which  separates  the  Argill  on  the  west 
from  the  Greta,  a  tributary  to  the  Tees,  on  the  east.  This  water- 
shed, at  its  lowest  part,  namely,  the  summit-level  of  the  South 
Durham  railway,  is  1378  feet  above  the  sea. 

A  small  stream,  called  Augill  beck,  drains  the  northern  side  of 
Stainmoor,  and  a  watershed,  about  1490  feet  high,  separates  this 
stream  from  the  source  of  the  Black  beck,  a  rivulet  which  flows 
into  Balder  beck,  a  stream  draining  the  moory  country  on  the  ea^ 
side  of  the  Pennine  chain,  known  as  Hunderthwaite  Moor.  Be- 
tween the  sources  of  the  Augill  and  the  Argill  becks,  Stainmoor 
rises  to  a  height  of  more  than  1600  feet  above  the  sea-level ;  and 
this  high  ground,  which  has  a  N.W.  and  S.E.  extension  for  about 
four  miles,  forms  the  eastern  boundary  of  the  area  of  distribution 
between  these  two  streams. 

There  is  abundant  evidence,  when  we  get  north  of  this  high  por- 
tion of  Stainmoor,  that  Wastdale-Crag  granite  blocks  have  found 
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their  wbj  over  the  watershed  between  Augill  beck  and  BladL  beck, 
and  that  over  this  watershed^  at  a  height  of  about  1490  feet,  the 
great  bulk  of  the  bonldeis  which  occur  in  the  country  east  of  the 
Pennine  chain  have  paflsed. 

A  block  of  this  granite  can  be  seen  on  the  eastern  side  of  this 
watershed,  a  short  distance  to  the  6.£.  of  fiarton  Crag,  whidi  is 
near  the  summit  of  the  ridge;  and  Prof.  Phillips  mentions  the 
occurrence  of  these  blocks  on  the  summit  of  an  isolated  hill  called 
Goldsborough,  which  lies  about  6^  miles  east  of  this  watershed,*. 
They  are  also  to  be  met  at  lower  levels  in  the  valley  of  the  Balder. 
But  Wastdale-Crag  granite  blocks  are  by  no  means  so  abundant 
here  as  are  boulders  of  porphyry,  which  have  also  come  firom  the 
eastern  ndes  of  the  Westmoreland  portion  of  the  Lake-distzict 
mountains. 

A  parallel  valley  runs  eastwards  at  the  distance  of  about  2^  miles 
south  of  Balderdale.  In  this  valley,  called  Deepdale,  Wastdale- 
Crag  granite  blocks,  associated  with  porphyries,  also  occur.  Some 
of  the  former,  which  are  of  a  laige  size,  are  seen  in  the  lower  part 
of  this  vale,  in  the  neighbourhood  of  Lartington. 

Beverting  again  to  the  eastern  limits  of  the  dispersion  of  Wast- 
dale-Crag blocks  in  Westmoreland,  we  have  the  steep  front  of  the 
Pennine  chain  forming  this  boundary  north  of  the  watershed  abore 
alluded  to.     In  Westmoreland,  this  chain  has  nearly  a  N.W.  course. 

Blocks  of  granite  are,  however,  by  no  means  abundant  on  its 
sides,  but  they  have  been  recognized  by  Dr.  fi.  A.  Nicholson  and 
myself  at  a  height  of  about  700  feet  above  the  level  of  this  sea,  in 
the  course  of  Pusgill  beck,  at  a  short  distance  to  the  N.£.  of  the 
village  of  Bufton. 

The  area  in  Westmorland  over  which  Wastdale-Crag  blocks 
have  been  distributed,  althou^  irregular  in  its  outline,  has  some- 
what of  a  triangular  form.  Its  greatest  breadth  is  in  an  £.N.£. 
direction,  namely,  from  Wastdale  Crag  to  the  watershed  separating 
Augill  beck  and  Black  beck;  and  this  distance  amounts  to  19  miles. 
In  a  north  and  south  direction  the  greatest  recognized  length  of 
distribution  is  from  Long  Wathby  to  a  little  south  of  the  village  of 
Langdale,  near  Tebay,  which  is  18  miles. 

In  the  area  of  distribution  of  the  Wastdale-Crag  blocks  there  is 
a  wide  difference  in  the  abundance  in  which  those  blocks  occur. 

Near  the  western  margin  of  the  area  they  are  found  in  great 
plenty  within  about  three  miles  from  their  parent  sources.  Beyond 
this  they  become  less  abundant,  and  near  the  northern  b'mit  of 
the  area  they  are  very  rare.  Near  the  eastern  boundary,  which 
is  at  a  considerable  distance  from  the  parent  mass,  they  are  by 
no  means  common,  except  near  the  line  of  their  route  across  the 
Pennine  chain. 

With  reference  to  the  more  central  portions  of  the  area  of  distri- 
bution in  Westmoreland,  there  are  also  great  differences  in  various 
localities  in  the  quantities  of  their  granite  blocks.     Two  valleys 

•  Od.  cU.  suprh.  Professor  Phillips  applies  this  name  to  a  hill  different  from 
that  which  bears  it  on  the  map  of  the  Ordnance  Surrej. 
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intersect  the  area  of  distribution,  one  of  which,  that  of  the  Lyven- 
net,  is  comparatiyely  small,  and  runs  nearly  from  soath  to  north  to 
beyond  Clibam,  where  it  joins  the  Eden ;  the  other  is  a  wide  yale, 
having  little  high  ground  on  its  west  side,  but  on  the  east  it  is 
margined  by  the  Pennine  chain.  The  course  of  the  Eden  in  West- 
moreland is  from  S.E.  to  N.W. 

In  the  areas  drained  by  the  Lyvennet  and  the  Eden,  the  occur- 
renee  of  Wastdale-Crag  boulders  varies  according  to  locality.  The 
Lyvennet  haa  its  origin  in  Crosby  Eavensworth  Pell,  at  a  spot  a 
little  more  than  a  mile  N.W.  of  the  town  of  Orton.  Here  granite 
blocks  are  abundant,  and  they  are  also  common  in  the  neighbour- 
hood of  Orton,  but  not  to  the  same  extent  as  on  Crosby  Eavens- 
worth Fell,  and  south  of  Orton  they  are  comparatively  rare.  North 
of  Crosby  Fell  they  become  very  common,  being  seen  in  great 
quantities  near*  the  villages  of  Crosby  Eavensworth  and  Maulds 
Meabum,  on  the  Lyvennet.  They  are  also  common  about  the  vil- 
lage of  Eeagill,  but  not  sa  abundant  as  to  the  south  thereof.  Be- 
tween the  portion  of  the  country  just  alluded  to  and  the  western 
margin  of  their  distribution,  they  occur  in  enormous  profusion,  and 
it  is  in  this  district  that  they  are  found  in  the  greatest  abundance. 
Following  the  valley  of  the  Lyvennet  north^t^rd,  we  find  them 
comparatively  rare  north  of  Eeagill.  They  are,  however,  to  be  met 
with  between  that  place  and  Morland,  a  village  about  three  miles 
farther  north,  and  ako  in  the  country  to  the  east  thereof.  North 
of  Morland  they  are  rarely  seen,  but,  as  before  stated,  they  can  be 
reoognized  in  the  walls  of  the  fSEurm-buildings  at  Clibum,  1|  nule 
Btill  further  northward. 

In  the  valley  of  the  Eden,  which  is  further  removed  from  their 
original  source  than  the  Lyvennet,  they  are  not  so  promise  in  their 
occurrence.  It  has  already  been  stated  that  they  are  unknown  in 
this  valley  as  far  south  as  Eirkby  Stephen ;  and  it  is  immediately 
north  of  the  river  Bela  where  they  are  fiiBt  recognized.  The  buildings 
at  Brough  Sowerby  furnish  them  in  considerable  quantities,  and 
some  are  here  also  to  be  seen  on  the  surface.  A  few  occur  near 
Brough  itself,  and  they  are  abundant  near  the  village  of  Great  Mus- 
grave.  The  neighbourhood  of  Warcop  exhibits  them  in  consider- 
able profusion,  but  north  of  this  they  begin  to  become  rare ;  they 
can,  however,  be  found  in  the  country  round  Appleby,  and  are 
occasionally  seen  in  the  walls. 

From  Appleby  northwards  their  occurrence  is  uncommon.  There 
are,  however,  a  few  spots  near  Kirkby  Thorpe  and  Temple  Sowerby 
which  afford  them;  and,  as  before  mentioned.  Professor  Phillips 
has  recognized  them  as  far  north  as  Long  Wathby. 

In  the  valley  of  the  Eden,  the  area  of  their  greatest  distribution 
has  a  W.S.W.  and  E.N.E.  course,  and  passes  between  Great  Mus- 
grave  and  Warcop.  This  area,  if  extended  westwards  into  the  val- 
ley of  the  Lyvennet,  and  from  thence  to  the  parent  source  of  these 
blocks,  would  give  us  the  region  of  'their  greatest  distribution,  be- 
tween the  valley  of  the  Eden  and  Wastdale  Crag.  If  we  extend 
this  area  eastwards  from  the  valley  of  the  Eden,  it  would  mark  thQ 
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oonne  which  the  blocks  have  taken  in  their  passage  oyer  the  high 
ground  of  Stainmoor. 

The  area  over  which  the  granite  blocks  of  Wastdale  Crag  have 
been  dispersed  is  indicated  in  the  map  (PL  XXXY.)  by  the  portion 
marked  with  broken  lines. 

With  reference  to  the  relation  which  the  blocks  of  Wastdale-Crag 
granite  bear  to  the  BoTdder-days  of  Westmoreland,  it  would  seem, 
from  the  position  of  the  former,  that  they  have  been  dispersed  after 
the  deposition  of  the  latter.  The  granite  blocks  occnr  in  great  pro- 
fusion on  the  surface  in  the  country  between  Wastdale  Crag  and 
the  valley  of  the  Eden.  They  do  not  make  their  appearance  in  the 
Boulder-clay.  They  are,  however,  occasionally  met  with  in  a  clay 
which  overlies  the  boulder-deposits ;  but  in  this  clay  none  of  the 
characteristic  scratched  blocks  of  the  Boulder-clay  proper  are  found. 
This  day,  overlying  the  Boulder-clay,  is  of  local  occurrence.  It  is 
seen  at  Oarthom  tile-works  in  Gaythom  plain,  about  five  nulea 
E.N.E.  of  Wastdale  Crag.  Here  it  has  its  origin  from  some  shale- 
beds  which  occur  in  the  carboniferous  formation  at  this  spot,  and  it 
is  seen  resting  upon  well-marked  Boulder-day. 

In  the  vale  of  the  Eden  the  BoTilder-day  is  laigdy  developed, 
and  good  sections  of  it  are  exhibited  in  the  cuttings  a(  the  Eden- 
valley  branch  of  the  South  Durham  railway.  In  no  instance  do 
any  of  these  sections  afford  traces  of  blocks  of  Wastdale-Crag  gra- 
nite ;  and  although  boulders  abound  in  this  day,  they  have  been, 
for  the  most  part,  derived  from  the  Carboniferous  formation.  Go-* 
casional  porphyritic  blocks,  such  as  might  have  been  derived  from 
the  lake-country,  and  fragments  of  Coniston  flags,  which  may  have 
come  from  the  Bavenstonedale  district,  are  also  seen  in  the  Boulder- 
clays  of  the  valley  of  the  Eden. 

Near  the  N.W.  portion  of  the  area  of  distribution  of  the  Waat^ 
dale-Crag  blocks,  fragments  of  these  become  very  rare ;  but  massea 
of  Lower  Silurian  porphyries  and  dates  are  common  on  the  sur&ce. 
Masses  of  granite  also  make  their  appearance ;  but  this  granite  haa 
a  very  different  aspect  from  that  of  Wastdale  Crag,  and  these  blocka 
seem  to  have  come  from  Criffel,  a  granite  hiU  on  the  8.E.  side  of  the 
Stewartry  of  Kirkcudbright.  As  we  proceed  north  from  the  area  of 
the  distribution  of  the  Wastdale-Crag  granite,  the  blocks  from  Criffel 
become  more  abundant.  This  Criffd  granite  occurs,  not  only  in  the 
form  of  blocks  on  the  surface,  but  is  found  also  in  the  Boulder-daya* 
It  can  be  seen  in  this  position  at  Brougham  brick-works,  about 
two  miles  W.N.W.  of  Clibum,  which  is  somewhat  beyond  the  limits 
of  the  distribution  of  the  Wastdale-Crag  blocks.  The  Criffd  granite 
blocks  are  also  common  in  the  Boulder-days  of  the  vale  of  the  Eden, 
in  Cumberland.  They  axe  likewise  found  in  great  abundance  among 
the  Eskar  mounds  near  the  road  between  Penrith  and  Long  Wathby ; 
and  hero  they  have  been  derived  from  the  Boulder-day  upon  which 
these  Eskar  drifts  repose. 

Judging  from  the  mode  of  occurrence  of  the  Criffd  granite  blocks, 
as  compared  with  those  of  Wastdale  Crag,  it  would  appear  that  the 
former  had,  to  a  large  extent,  been  disbibuted  before  the  latter; 
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hnty  88  both  occur  on  the  emrface,  the  distribution  of  the  fonner 
muBt  also  have  been  continued  during  that  of  the  latter. 

The  moory  ground  which  lies  immediately  east  of  Wastdale  Crag 
has  its  surface  marked  by  several  mounds  'of  sand  and  gravel. 
These  have  all  the  aspects  of  Eskars ;  and  they  contain  rounded 
fragments  of  TVastdale-Grag  granite.  These  mounds  may^  however, 
have  been  formed  at  a  more  recent  date  than  those  Eskars  which, 
in  the  valley  of  the  Eden,  yield  blocks  of  Criffel  granite. 

Witit  respect  to  the  surfaces  of  the  rocks  upon  which  the  Boulder- 
olay  rests,  tiiese  sur&ces  in  many  instances  exhibit  glacial  scratch- 
ings.  One  of  the  localities  which  afford  these  scratchings  is  at  a 
short  distance  east  of  Gaythom  Tile- works.  Here,  in  a  small 
quarry,  the  surface  of  the  Carboniferous  limestone  is  beautifdlly 
marked  with  striee,  which  have  a  nearly  north  and  south  course. 

These  striated  rocks,  which  were  seen  by  Sir  Charles  Lyell,  Mr. 
M'K.  Hughes,  Dr.  H.  A.  Nicholson,  and  myself,  seem  to  have  been 
first  noticed  by  Mr.  lightfoot,  who  was  formerly  on  the  Geological 
Survey,  and  who  was  for  a  while  engaged  in  this  portion  of  West- 
moreland. The  striated  surface  of  the  limestone  here  has  a  thin 
bed  of  Boulder-day  resting  upon  it.  The  direction  of  the  striss 
follows  the  course  of  the  valley,  and  is  almost  at  right  angles  to  the 
line  taken  by  the  Wastdale-Crag  granite  blocks,  which  overlie  the 
Boulder -clay  in  this  neighbourhood. 

Glacial  strisB  may  be  seen  in  several  localities  in  Westmoreland  • 
and  wherever  they  occur  their  direction  corresponds  to  the  course 
of  the  valleys.  This  is  the  case  not  only  with  the  vales  of  the  Ly- 
vennet  and  the  Eden,  but  also  Tvith  those  small  dells  which  contain 
the  tributaries  to  these  streams.  The  same  circumstance  is  seen 
likewise  in  the  valley  of  the  Lowther,  a  river  which  has  its  origin, 
in  part,  from  Wastdale  Crag,  and  which,  after  flowing  northwards, 
joins  the  river  Eamont  about  a  mile  south  of  Penrith.  These  strise, 
formed  by  ancient  glaciers,  and  running  in  the  direction  of  the  pre- 
sent vaUeys,  indicate  that  the  drainage  of  the  country  and  its  pre- 
sent outline  have  not  been  much  tdtered  sinco  the  operation  of 
glacial  action;  and  they  strongly  support  the  inference  that  the 
outline  of  this  portion  of  Westmoreland  approached  pretty  nearly  to 
what  it  is  now  during  the  time  when  the  Wastdale-Crag  blocks 
were  being  distributed. 

On  referring  to  the  hill- shaded  inch-to-the-milo  Ordnance-map 
of  the  district  where  the  granite  blocks  occur  in  the  greatest  abun- 
dance, it  will  bo  seen  that  this  portion  of  Westmoreland  is  occupied 
by  numerous  small  valleys  having  a  north  and  south  direction,  a 
course  corresponding  to  that  of  the  striae  which  these  valleys  afford. 
Many  of  these  small  valleys  have  steep  escarpments  facing  towards 
the  west  or  towards  the  granitic  area  of  Wastdale  Crag.  The  val- 
ley of  the  Lyvennet  also  exhibits  the  same  features.  It  is  in  this 
direction  that  the  limestones  and  other  rocks  of  the  Carboniferous 
formation  have  their  outcrop.  On  the  east  side  of  the  vale  of  the 
Eden,  the  same  circumstance  manifests  itself  in  the  bold  western 
outcrop  of  the  rocks  which  form  the  Pennine  chain;  and  even 
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on  the  lower  portion  of  this  cham,  on  Stainmoory  over  which  the 
Wostdale-Crag  blocks  have  travelled,  escarpments  of  Carboniferous 
rocks  facing  westwards  are  common.  Speaking  generally  of  a  sec- 
tion firom  Wastdale  Crag  to  Hunderthwaite  Moor,  on  the  east  side 
of  the  Pennine  chain,  showing  the  contonr  of  the  surface,  it  may 
be  said  that  the  escarpments  face  towards  the  west,  and  that  the 
gentler  slopes  incline  towards  the  east. 

The  mode  by  which  the  granite  blocks  of  Wastdale  Crag  have 
been  transported  over  the  hilly  portion  of  Westmoreland  and  from 
thence  across  the  Pennine  chain  has  excited  the  inquiiy  of  geolo- 
gists, but  as  yet  no  satisfactory  conclusions  have  been  arrived  at 
concerning  the  process  which  eifected  this  transport. 

Among  other  causes  glaciers  have  been  regarded  as  the  agents. 
There  are,  however,  some  circumstances  which  render  this  mode  of 
transport  very  improbable. 

It  has  already  been  shown  that  the  valleys  of  the  Lyvennet  and 
the  Eden,  and  their  smaller  dells,  are  of  an  age  considerably  ante- 
rior to  the  period  of  the  dispersion  of  the  Wastdale-Crag  blocks ;  and 
also  that  the  outline  of  the  surface  of  the  country  over  which  tiiese 
blocks  have  passed  has  undergone  comparatively  little  change  since 
the  time  when  glaciers  furrowed  the  surfaces  of  the  roc^  upon 
which  the  Boulder- days  repose.  These  ancient  glaciers  have  fol- 
lowed the  courses  of  the  present  drainage  of  the  country,  or,  in. 
other  words,  have  had  a  motion  from  south  to  north  so  far  as  the 
valleys  of  the  Lyvennet  and  the  Eden  and  tbeir  subordinate  vales 
are  concerned.  A  glacier  of  considerable  size  must  have  occupied 
the  valley  of  the  Eden,  which  was  fed  by  tributary  glaciers,  espe- 
cially from  the  west  side  of  the  Pennine  chain ;  and  a  smaller  gla- 
cier, with  still  smaller  feeders,  must  have  had  its  course  along  the 
valley  of  the  Lyvennet. 

The  country  immediately  east  of  Wastdale  Crag  is  of  such  an  out- 
line as  to  furnish  none  of  the  conditions  necessary  for  the  formation 
of  glaciers ;  but  on  the  north  and  south  side  of  this  hill  the  surface- 
outlines  are  in  every  way  such  as  would  give  rise  to  such  products. 

On  the  south  side  there  is  a  valley  the  head  of  which  is  Great 
Yarlfiide,  attaining  an  elevation  of  nearly  2000  feet  above  the  level  of 
the  sea.  This  valley  is  flanked  at  its  N.E.  termination  by  the  granite 
of  Wastdale  Crag,  which  in  some  spots  affords  glacial  scratches,  the 
direction  of  which  corresponds  to  the  course  of  the  valley,  which, 
after  running  for  about  a  mile  N.E.  of  Wastdale  Crag  to  Shap  Wells, 
turns  to  the  S.E.,  and  flowing  for  about  four  miles  in  this  direction, 
under  the  name  of  the  Birkbeck,  joins  the  Lune  at  Tebay.  The 
direction  of  this  stream  is  the  course  which  a  glacier  would  have 
taken  had  it  occupied  this  valley  and  the  country  in  front  of  it 
daring  the  period  when  the  granite  blocks  were  being  distributed. 

On  the  N.W.  side  of  Wastdale  Crag  is  a  valley  known  as  Wet 
Sleddale;  this  is  drained  by  the  sources  of  the  river  Lowther, 
which  originate  in  the  high  ground  on  the  north  side  of  Great  Yarl- 
side.  A  glacier  occupying  this  valley  during  the  rigorous  climate 
of  the  glacial  epoch,  would  have  extended  itself  towards  the  N.E. 
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for  about  three  miles ;  after  which,  had  the  area  been  land,  it  would 
have  accommodated  itself  to  what  is  now  the  valley  of  the  Low- 
ther,  and  assumed  a  northerly  direction. 

Independently  of  the  direction  of  these  old  valleys,  which  must 
have  influenced  the  courses  of  the  glaciers,  the  outline  of  the  country, 
with  its  slopes  between  Wastdale  Crag  and  that  portion  of  the  Pen- 
nine chain  which  has  been  crossed  by  the  granite  blocks,  is  alto- 
gether hostile  to  the  idea  of  a  grader  having  been  the  transporting 
agent  of  these  masses  of  granite.  The  prominent  escarpments 
fronting  this  glacier  woTild  have  diverted  it  from  an  eastern  course ; 
otherwise  these  escarpments  would  have  been  planed  down  by  its 
action,  and  all  traces  of  the  north  and  south  stris  which  now  mark 
the  faces  of  the  rocks  would  have  been  obliterated,  and  their  places 
occupied  by  others  of  a  more  recent  date,  running  from  west  to 
east ;  yet  no  such  markings  are  to  be  found.  The  idea,  therefore, 
which  suggests  a  glacier  as  the  agent  of  the  transport  of  these 
blocks  has  very  little  to  support  it. 

Another  cause  has  been  looked  upon  as  the  transplanting  agent 
of  the  Wastdale-Crag  blocks,  namely,  icebergs ;  and  this  certainly  is 
a  much  more  probable  means  of  dispersion  than  the  action  of  gla- 
ciers. There  are,  however,  some  difficulties  attendant  on  the  ice- 
beig  theory,  which  seem  to  render  it  by  no  means  easy  of  accepta- 
tion. If  we  assume  glaciers  to  have  occupied  valleys  on  the  north 
and  south  sides  of  Wastdale  Crag  (and  of  this  there  is  very  little 
reason  to  doubt),  and  if  we  are  to  attribute  icebergs  to  such  glaciers, 
the  greatest  portion  of  the  mass  of  Wastdale  Crag,  which  has  fur- 
nished the  blocks,  would  have  been  under  the  sudace  of  the  water 
on  which  those  icebergs  floated.  By  far  the  largest  portion  of 
Wastdale  Crag  is  at  a  lower  level  than  1500  feet  above  the  sea ;  in 
fact  very  littie  of  the  hill,  except  its  western  side,  attains  an  eleva- 
tion equal  to  that  portion  of  Stainmoor  over  which  the  blocks  have 
passed  in  their  route  to  the  valley  of  the  Tees.  Assuming  icebergs 
to  have  been  the  agents  of  transport,  it  would  have  required  the  sea 
to  have  been  at  least  1500  feet  above  its  present  level,  otherwise 
there  would  not  have  been  a  sufficient  depth  of  water  to  have 
enabled  blocks  to  have  floated  over  Stainmoor  into  the  valley  of  the 
Balder. 

[In  the  accompanying  map  (PI.  XXXV.),  the  outline  which  the 
land  would  assume  if  the  sea  were  1500  feet  above  its  present  level 
is  shown  by  the  portion  marked  with  perpendicular  lines.  The 
whole  of  the  area  left  blank,  and  also  that  marked  with  broken 
lines,  would,  under  such  circumstances,  be  under  water]. 

If  it  be  assumed  that  the  granite  of  Wastdale  Crag  rose  to  a 
higher  level  than  it  does  at  the  present  time,  during  the  period  of 
the  distribution  of  the  granite  blocks,  still  that  higher  level  would 
hardly  suffice  to  famish  materials  to  a  glacier,  portions  of  which 
would  be  detached  and  float  away  as  icebergs. 

There  is  another  difficulty  with  reference  to  the  iceberg  theory  of 
transport.  This  is  the  size  of  the  bergs  themselves.  If  we  suppose 
these  to  have  had  an  average  of  50  feet  in  height  above  the  suiface 
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of  the  watoTi  this  would  presume  a  mass  eight  times  this  size  below 
the  surface ;  and  assuming  this  comparatively  small  size  for  those 
bergs,  we  should  have  them  extending  to  the  depth  of  400  feet  be- 
neath the  water.  The  floating  of  such  a  mass  of  ice  is  altogether 
incompatible  with  the  idea  that  these  blocks  were  carried  over 
Stainmoori  when  the  sea  was  about  1500  feet  higher  than  at 
present. 

If  we  assume  a  greater  height  of  sea-level,  and  one  sufficient  to 
float  such  icebergs,  then  we  place  the  whole  granitic  area  of  Wast^ 
dale  Crag  considerably  below  the  water-level,  and  in  such  a  poeition 
as  to  render  it  unavailable  to  famish  materials  for  transport. 

Another  objection  to  the  iceberg  theory  is  famished  by  the  mode 
of  occurrence  of  the  blocks  themselves.  Their  insulated  and  super- 
ficial position  is]  strongly  antagonistic  to  this  idea.  If  we  suppose 
icebergs,  bearing  mineral  matter,  to  have  been  stranded  in  the  areas 
where  the  Wastdale-Crag  blocks  are  found,  the  melting  of  these, 
either  wholly  or  partially,  would  have  left  some  of  the  earthy  mud 
and  sand  so  abundant  among  ice-transported  materials;  and  in 
such  mud  and  sand  the  blocks  would  have  been  seen.  Nothing  of 
this  kind,  however,  occurs;  for  the  blocks  alone  seem  to  have  been 
the  materials  transported. 

There  yet  remains  to  be  considered  another  agent  which  could 
have  transported  the  blocks  of  Wastdale  Crag :  this  is  coast-ioe ; 
and  this  agent  see^s  less  liable  to  objection  than  either  the  action 
of  glaciers  or  the  operation  of  icebei^. 

8uch  an  agent  is  now  in  action  in  high  latitudes ;  and  the  effects 
which  result  therefrom,  both  in  Europe  and  America,  have  been  well 
described  by  Sir  Charles  Lyell  *. 

If  we  supiK>8C  the  sea-level,  at  the  period  of  the  transportation  of 
the  Wastdsde-Crag  granite  blocks,  to  have  been  at  the  height  pre- 
viously assumed,  namely,  1500  feet  higher  than  at  present,  although 
a  large  portion  of  the  granite  area,  as  it  is  now  seen,  would  have 
been  beneath  the  sea-surface,  there  would  still  remain  sufficient 
above  and  near  the  surface  to  have  afforded  blocks. 

These  blocks,  when  frozen  in  ice-sheets,  would  be  in  a  position 
easily  capable  of  transport,  when  the  sheets  became  broken  up. 
Blocks  imbedded  in  and  lying  upon  such  ice-rafts  would  require  no 
great  depth  of  water  for  their  transport 

These  ice-rafts  would  be  dependent  upon  winds  and  currents 
for  their  direction :  their  course  west  was  impossible,  as  the  land 
lay  on  that  side.  There  remained,  however,  a  north,  south,  and  east 
course  for  them  to  take. 

With  reference  to  the  former,  the  northern  course,  there  is  evi- 
dence which  supports  the  inference  that  in  this  direction  their 
motion  would  be  materially  interfered  with  by  currents  setting  in 
from  the  north-west  and  north.  The  evidence  of  the  existence  of 
such  currents  during  the  period  of  the  transportation  of  the  Wast- 
dale-Crag  blocks,  is  indicated  by  the  occurrence  of  blocks  of  Ciiffel 

*  Pirinciples  of  Geolog)r,  lOth  ed.  ?ol.  i.  p.  383. 
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granite  orer  the  Cumberland  plain  and  in  the  vaUey  of  the  Eden. 
The  southern  current  is  not  so  clearly  indicated ;  still  the  absence  of 
Wastdale-Crag  blocks  from  the  valley  of  the  Lune  to  the  south  of 
Wastdale  Crag  supports,  to  some  extent,  the  supposition  of  its  exist* 
emce*. 

The  combined  influence  of  a  northern  and  a  southern  current  with 
land  to  the  westward  would  give  rise  to  a  current  having  nearly  an 
eastern,  course ;  and  a  current  having  such  a  direction  would  carry 
ice-sheets  loaded  with  blocks  over  Stainmoor. 

The  existence  of  water  at  or  near  such  a  high  level,  at  or  imme- 
diately after  the  period  of  the  transportation  of  Wastdale-Crag 
blocks^  is  shown  by  the  occurrence  of  Eskars,  which  have  been 
already  alluded  to  as  making  their  appearance  near  the  east  base  of 
Wastdale  Crag. 

These  are  seen  in  some  spots  at  a  height  of  about  1100  feet  above 
the  present  sea-level ;  they  exhibit  a  great  amount  of  false-bed- 
ding, and  they  are  seen  scattered  over  a  moor  in  positions  where 
no  river- action  could  have  operated  to  produce  them. 

Professor  PhiUips,  in  a  communication  to  the  British  Association 
(Beport,  1864),  expresses  an  opinion  that  the  distribution  of  the 
Wastdale-Crag  blocks  "  cannot  have  been  performed  by  ice-flota- 
tion in  an  ocean^  however  elevated,  if  the  present  relative  elevations 
of  the  country  were  the  same  as  now."  Judging  from  the  age  of 
the  valleys  in  Westmoreland  it  would,  however,  appear  that  this 
relative  change  of  level,  if  it  has  taken  place  at  all,  could  not  have 
been  of  such  a  character  as  to  give  rise  to  the  present  general  out- 
line of  the  country.  Some  slight  relative  changes  may  have  taken 
place  on  one  side  or  other  of  the  great  Permian  fault,  but  no  such 
change  as  could  have  materially  aifected  the  general  contour  of  the 
district  east  of  Wastdale  Crag. 

Even  had  such  changes  of  level  taken  place  on  opposite  sides  of 
the  Pennine  fault,  there  would-  still  be  the  difficulties  which  arise 
when  we  consider  the  surface-outline  of  Westmoreland,  over  which 
the  blocks  have  travelled,  to  be  overcome. 

Keference  has  been  made  to  the  Boulder-clay  of  Westmoreland  ; 
and  in  this  Boulder-clay  it  has  been  shown  that  no  Wastdale-Crag 
blocks  occur.  As  the  Pleistocene  formation,  in  some  parts  of 
England  and  Ireland,  exhibits  three  well-marked  periods, — namely, 
first  and  lowest,  Boulder-clays,  resting  on  sands  and  gravels  which 
possess  an  Arctic  fauna  ;  second,  gravels,  sands,  and  marls  marked 
by  a  fauna  of  a  less  Arctic  character  ;  and  third,  another  Boulder- 
clay  which,  in  the  valley  of  the  Clyde  and  elsewhere,  is  capped  by 
beds  containing  sheUs  also  of  Arctic  types, — ^the  inquiry  naturally 
occurs.  To  which  of  these  series  are  we  to  assign  the  BoTilder-clays 
of  Westmoreland  upon  which  Wastdale-Crag  blocks  are  found  ? 

Observations  induce  the  conclusion  that' of  these  members  of  the 
Pleistocene  group  the  two  former,  namely,  the  lower  Boulder-clays, 

*  Blocks  of  Wastdale-Crag  granite  are  seen  on  the  western  side  of  the  Lone, 
about  Sekide^  six  miles  due  soath  of  Wastdale  Crag. 
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and  the  middle  grayelB,  sandB,  and  marls,  are  abaent  from  botli 
Westmoreland  and  Cumberland,  the  upper  Boulder-dayB  only  being 
represented.  The  dispeision  of  the  Wastdale-Grag  blocks  is  thoe- 
fore  of  recent  occurrence  in  connexion  with  the  Pleistocene  epoch. 
There  are  reasons,  however,  for  inferring  that  this  dispersion  took 
place  at  a  period  before  the  Clyde  beds  were  formed,  and  at  a  time 
when,  in  lower  localities,  the  upper  Boulder-days  were  still  being 
deposited. 

DiBcussioir. 

Mr.  Hughes  pointed  out  some  difficulties  in  accepting  the  theory 
of  the  transport  of  these  blocks  by  means  of  coast-ice,  but  was  not 
able  to  offer  any  better  solution  of  the  question  than  that  suggested 
by  the  author. 


JxTKB  8, 1870. 

Henry  G.  Vennor,  Esq.,  of  the  Geological  Survey  of  Canada, 
Montreal;  Alexander  Kendall  Mackinnon,  Esq.,  M.  Inst.  C.E., 
Director-General  of  Public  Works,  Montevideo,  South  America,  and 
Arthur  Roope  Hunt,  Esq.,  Quintella,  Torquay,  were  elected  Fellows 
of  the  Society. 

The  following  communications  were  read : — 

1.  On  the  SxTFERFiciAL  Deposits  of  the  South  of  Hahpshisb  and 
tlu  Isle  of  Wight.    By  Thomas  Connu^oTOir. 

[Platm  XXXVI.  &  XXXVIL] 

COKTJEICTS. 

I.  Introduction. 

II.  The  mainland  of  Hampshire, 
a.  The  New-Forest  district. 
6.  East  of  Southampton  Water. 
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I.  iKTRODrcnoN. 
The  district  of  which  it  is  proposed  to  treat  in  the  following 
paper,  is  comprised  betweed  Poole  and  Portsmoutli,  and  extends 
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inland  to  Wimboine,  Downton,  Bramshaw,  Bomsey^  and  Biflhop- 
atoke ;  it  also  indudes  the  Isle  of  Wight. 

Tertiary  fonnations  occupy  the  whole  of  the  area,  with  the  ex- 
ception of  the  southern  part  of  the  Isle  of  Wight ;  and  the  surface 
18  very  generally  covered  with  superficial  deposits,  which  are  the  im- 
mediate suhject  of  this  paper. 

The  rivers  Erome^  and  Trent  or  Fiddle,  enter  Foole  harhour  on 
the  west,  and  the  Stour,  Avon,  Test,  Itchen,  Hamble,  and  Titch- 
field  rivers  flow  through  the  district.  All  these  rivers,  as  well  as 
the  Medina,  Yar,  and  Brading  rivers,  in  the  Isle  of  Wight,  rise  in 
the  chalk,  or  in  beds  not  much  below  it,  and  after  draining  a  con- 
siderable extent  of  chalk-country,  pass  through  the  Tertiary  area  to 
the  sea.  The  Avon  water,  Boldre,  and  Exe  or  Beaulieu  river,  rise 
among  the  Tertiary  beds  of  the  New  Forest,  of  whicli  they  drain  the 
larger  portion. 

Among  those  by  whom  the  superficial  deposits  of  the  district 
have  been  noticed,  are  Sir  C.  Lyell,  Messrs.  Webster,  Frestwich, 
Trimmer,  E.  Forbes,  Godwin- Austen,  Bristow,  Evans,  &c.  Of  late 
years,  the  discovery  of  numerous  flint  implements  along  the  coast 
between  Southampton  Water  and  Gosport,  near  Bournemouth,  and 
more  recently  near  Southampton,  and  near  Lymington,  has  given  a 
fresh  interest  to  the  gravel  ^m  which  they  are  derived ;  and  the 
publication  of  the  new  Ordnance  Maps  with  levels  over  a  large 
part  of  the  district,  has  facilitated  the  construction  of  many  ac- 
curate sections  of  the  surfece.  For  the  western  part  of  the  district, 
where  the  new  Ordnance  Survey  is  unfinished,  levels  have  been 
supplied  me  by  permission  of  Sir  H.  James,  from  which,  and  from 
other  sources,  as  well  as  from  personal  observation,  the  sections 
have  been  extended  in  that  direction. 

The  sections  (figs.  1  to  10,  Fl.  XXXVII.)  are  selected  from  many 
others  constructed ;  they  are  drawn  to  a  scale  of  two  miles  to  an 
inch  horizontal,  and  800  feet  to  an  inch  vertical.  The  heights  in 
feet  above  the  mean  level  of  the  sea  are  figured  at  numerous 
points,  and  the  position  of  the  lines  of  section  are  shown  upon  the 
map  (Fl.  XXXVI.). 

*  n.  The  uAisLAXiD  of  Hampshibs. 

(a)  The  physical  features  of  the  country,  and  its  superficial 
deposits,  are  so  closely  connected  that  they  must  be  considered 
together.  The  New  Forest,  and  the  neighbouring  country  between 
Fo(^  and  Southampton  Water,  is  characterized  by  high  level  plains, 
very  generally  covered  with  gravel  or  brick-earth.  On  closer  exar- 
mination,  these  plains  are  found  to  be  portions  of  a  tableland  with 
a  very  gradual  southern  slope,  through  which  the  larger  rivers  flow 
in  well-defined  valleys,  and  which  has  been  a  good  deal  cut  up  and 
over  large  areas  entirely  removed  by  the  action  of  the  tributary 
streams  flowing  ia  what  are  locally  called  the  <<  bottoms." 

Section  No.  1,  from  Fordingbridge  and  Breamore  to  Bramshaw, 
and  No.  2,  from  Foole  to  Southampton  Water,  which  are  nearly 
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on  the  line  of  Btrike  of  the  general  Burface  of  the  ooimttyy  inU 
illustrate  its  tabular  character  and  the  waj  in  which  the  rivers  in^ 
tersccb  it.  The  extension  inland  of  the  tableland  is  best  seen  on 
the  east  of  the  Avon,  where  it  can  be  followed  from  the  coast 
northwards  for  upwards  of  twenty  miles  to  a  gravel-capped  escarp- 
ment, 420  feet  above  the  sea,  and  200  feet  above  the  ground  imme- 
diately to  the  northward,  extending  from  Downton  Common  to 
Bramshaw.  It  is  easy  to  see  that  the  high  plains,  such  as  Picked 
Plain,  Bratley  Plain,  and  Ocknell  Plain,  although  separated  by 
deep  valleys  or  ''  bottoms,"  form  parts  of  one  continaous  tableland^ 
and  nowhere  is  this  more  evident  than  near  the  highest  part  be- 
tween Downton,  Fordingbridge,  and  Bramshaw.  The  eye  there 
ranges  over  an  extensive  plateau  curiously  intersected  by  valleys 
100  to  150  feet  deep,  by  which  the  tabular  appearance  of  the  snzfiicd 
is,  however,  but  little  affected. 

Section  No.  3  commences  at  the  coast  near  High  Cliff,  two  miles 
east  of  the  mouth  of  the  Avon,  where  the  cliff  is  96  feet  high,  and 
is  capped  with  18  feet  of  gravel,  and  extends  by  two  lines  brandl- 
ing at  Bratley  Plain,  to  the  northern  escarpment  near  Bramshaw 
Telegraph,  and  at  Blackbush  Plain,  respectively  419  feet  and  397  feet 
above  the  sea.  From  the  coast  to  the  escarpment  tho  ground  has 
a  uniform  inclination  of  about  20  fee^  per  mile,  or  one-ffftih  of  a 
degree  with  the  horizon.  The  surface  is  generally  covered  with 
gravel,  which  appears  to  thicken  as  the  ground  drops  towards  the 
valleys;  the  sides  of  the  valleys  are  free  from  gravel,  and  ihe 
bottoms  contain  a  gravel  much  mixed  with  locally  derived  day  and 
marl,  and  distinct'  from  that  covering  the  plains. 

The  regularity  of  the  surface  of  the  plains,  where  they  are 
not  cut  up  by  streams,  is  very  remarkable,  more  so  on  the  ground 
than  would  perhaps  appear  from  some  of  tho  sections,  in  which 
the  vertical  heights  being  necessarily  greatly  exaggerated,  every 
irregularity  is  magnified  to  about  thirteen  times  its  naturid 
scale. 

To  the  westward  of  the  Avon,  the  triangular  tableland  between 
Christchurch,  Wimborne,  and  Poole  is  cut  off  on  the  north  by  thQ 
Stour  valley.  It  varies  in  height  from  100  feet  near  the  coast  to 
190  feet  towards  -Wimborne,  and  sections  of  the  gravel  covering  it 
are  seen  along  the  coast,  in  the  railway-cutting  between  Christ- 
chnrch  and  Bournemouth,  in  the  cutting  south  of  Wimborne,  atrd  in 
numerous  gravel-pits.  On  the  north  of  the  Stour  at  Wimborne,  Canon 
HiU  and  Cole  Hill  are  capped  with  gravels  at  a  level  correspond- 
ing to  those  of  the  plains  to  the  south ;  and  still  more  inland,  Chidbory 
Hill  and  Pistil  HUl  are  covered  with  flint-gravel  at  greater  elerar- 
tions.  The  latter,  a  detached  flat-topped  hill,  320  feet  above  the  sea, 
corresponds  exactly  in  level  with  the  plain  on  the  opposite  side  of 
the  Avon,  and  appears  to  be  the  remnant  of  a  sloping  tableland,  of 
which  the  mass  has  undergone  destruction  by  the  action  of  the 
Stour,  Blackwater,  and  Avon.  Generally  the  country  near  the 
confluence  of  these  rivers  is  at  a  much  lower  level  than  the  h%h 
plains,  ranging  from  30  to  80  feet  above  the  aea,  or  about  30  feet 
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aboTe  the  rivers.  Somerloj  Heath,  and  Alderholt  Heath,  although 
130  feet  above  the  sea,  are  still  170  feet  lower  than  the  plains  on 
the  other  side  of  the  Avon,  and  immediately  opposite  them. 

The  bottom  of  the  valley  of  the  Avon  is  shown  by  a  dotted  line 
on  section  No.  3.  Its  fall  is  at  the  rate  of  from  8  feet  per  mile 
near  Hale  to  3  feet  per  mile  near  the  sea ;  so  that  while  the  tableland 
near  Christchurch  is  but  83  feet  above  the  valley,  at  Hale  the  high 
plain  of  Hatchet  Green  is  300  feet  above  it. 

Bordering  on  the  valley  between  Pordingbridge  and  Eingwood, 
at  leyels  approaching  the  tableland  in  height,  there  are  terraoe-like 
plains,  which  are  well  seen  from  the  high  ground  on  the  opposite 
or  western  side  of  the  valley. 

On  the  east  of  section  No.  3  the  gravel-covered  tableland  stretches 
northward  from  Barton  and  Hordwell  Cliffs  till  it  is  interrupted 
by  the  Avon-water  valley.  The  tabular  character  is  carried  on  by 
plains  at  corresponding  levels  near  Wilverley ;  and  beyond  an  area 
comparatively  low,  and  drained  by  numerous  tributaries  of  the 
Boldre  river,  is  the  high  ground  near  Stoney  Cross  and  Castle 
Malwood,  which  is  continuous  with  OckneU  Plain,  270  feet  above 
the  sea,  and  gravel-covered.  Section  No.  4  illustrates  the  rise  of 
the  tableland  from  the  coast  to  the  Avon- water  valley  and  to  Wil- 
verley, and  shows  how  a  prolongation  of  the  same  slope  northwards 
would  coincide  with  the  high  ground  near  Stoney  Cross. 

A  section  of  the  gravel  covering  the  tableland  is  seen  in  the  olifOs 
between  Poole  Harbour  and  the  entrance  of  the  Solent.  Westward  of 
Poole  Harbour  there  is  no  gravel  on  the  coast,  though  a  patch  occurs 
at  a  high  level  in  the  valley  of  the  Prome  near  Rempston  House ; 
but  between  Poole  and  Bournemouth  the  cliffs  are  capped  with  gravel 
at  from  100  to  120  feet  above  the  sea.  It  is  from  this  gravel  that 
the  flint  implements  found  on  each  side  of  Bournemouth  are  de- 
rived. The  section  in  the  cliffs  is  nearly  the  same  as  that  shown  in 
section  No.  2,  the  general  level  of  the  tableland  near  the  coast  at 
Bournemouth  being  about  120  feet  above  the  sea.  Except  where  it 
is  intersected  by  the  Bournemouth  valley  or  by  chines,  the  gravel- 
bed  is  continuous,  and  from  8  to  15  feet  thick,  to  within  about  a 
mile  from  the  mouth  of  the  Avon ;  there  the  tableland  ends,  and 
a  diff  not  more  than  10  or  20  feet  high,  is  composed  of  what  ap- 
pear to  be  the  gravel-beds  of  an  old  channel  of  the  Avon  or  Stour, 
which  reach  as  low  as  high-water  mark.  Between  them  and  the 
present  mouth  of  the  river,  Hengistbury  Head  rises  to  120  feet, 
and  is  capped  with  the  older  gravel.  About  a  mile  eastward  from 
the  moutii  of  the  Avon,  the  junction  of  the  vaUey-gravels  with  the 
gravel  of  the  plains  is  seen  near  Highcliff,  and  was  noticed  long  ago 
by  Sir  Charles  Lyell  ♦  and  by  Mr.  Godwin-Austen  f.  Prom  this 
][)oint  to  Milford  the  gravel  is  again  continuous,  except  where 
Chuton  Bunny  and  Becton  Bunny  cut  through  it.  In  Barton  and 
Hordwell  cliffs  the  thickness  is  now  as  much  as  from  18  to  20  feet, 

•  Trans.  Geol.  Soc.  vol.  ii.  2nd  series,  p.  279, 
t  Quart.  Joum.  Geol.  Soc.  vol  xiii  p.  45« 
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while  formerly,  it  was  mucli  more.  In  1757*  and  1789-1 794 1  the 
gravel  in  Hordwell  Cliff  is  described  as  being  from  18  to  20  yards 
thick;  and  later,  in  1821,  Mr.  Webster  J  gives  the  thickness  in 
Barton  and  Hordwell  cliffs  as  at  least  50  feet.  As  the  coast  is 
wasting  at  the  rate  of  a  yard  a  year,  the  cliffs  which  exhibited  this 
thickness  of  gravel  were  from  60  to  80  yards  in  advance  of  the  pre- 
sent coast,  and  inland  the  thickness  diminishes  still  more,  being  only 
9  feet  in  pits  about  half  a  mile  from  the  cliffs. 

Chuton  and  Becton  Bunnies  are  cut  out  in  the  bottom  of  higher 
and  broader  valleys,  on  the  flanks  of  which  the  gravel  thins  out.  The 
chines  in  the  sandy  cliffs  to  the  westward  of  Bournemouth  furnish 
many  sections  in  which  the  relations  of  the  older  valleyj  and  the 
chine  with  the  gravel  covering  the  plain  can  be  observed.  In 
AUum  Chine  a  bed  of  gravel  and  the  overlying  brick-earth  have 
been  cut  away  by  the  older  valley,  on  the  side  of  which  lies  a  bed 
of  white  gravel,  overlapping  the  edges  of  the  brick-earth  and  the 
lower  gravel.    The  chine  itself  has  cut  through  the  white  graveL 

Towards  the  entrance  of  the  Solent  the  coast-line  trends  sea- 
ward, and  the  tableland  is  prolonged  to  a  lower  level.  Inside 
Hurst  Castle,  where  the  coast  is  sheltered  from  the  open  sea,  the 
gravel  plain  falls  with  a  gradual  slope  almost  to  high-water  level 
(Section  No.  5).  This  is  the  case  all  along  the  shore  of  the  Solent 
to  Eaglehurst,  at  which  point  the  coast  is  exposed  to  the  open  sea 
from  the  direction  of  Spithead,  and  has  been  cut  back,  and  the  cliff  is 
consequently  higher.  At  the  lower  level  the  country  here  does  not 
present  the  same  tabular  character ;  from  the  100-feet  level  down- 
wards, the  fall  appears  to  be  more  by  steps,  and  the  6ur£ace  has, 
moreover,  been  a  good  deal  modified  by  the  streams. 

The  plains  of  Boldre  and  Beaulieu  Heath  present  the  tabular 
character  before  described,  and  rise  gradually  to  an  escarpment, 
which  is  140  feet  above  the  sea  towards  Brockenhurst,  and  120  feet 
near  Southampton  Water.  Northward  of  the  escarpment  the  general 
surface  of  the  country  is  80  or  100  feet  lower,  much  intersected 
by  the  tributary  streams  of  the  Beaulieu  river,  and  generally 
covered  by  a  wash  of  gravelly  loam;  but  detached  gravel-topped 
hiUs  rise  in  the  lower  ground  to  levels  corresponding  to  the  plains, 
and  are  evidences  of  the  former  extension  of  the  tableland  beyond 
its  present  northern  edge. 

The  Boldre  river,  and  the  Exe  or  Beaulieu  river,  flow  in  well- 
defined  valleys  through  the  tableland,  as  is  shown  in  section  No.  2, 
which  crosses  the  river-valleys  at  right  angles.  In  section  No.  5, 
which  is  nearly  parallel  to  the  Boldre  river,  the  bottom  of  the  valley 
is  shown  by  a  dotted  line.  The  fall  of  the  valley  is  only  4  feet  jHjr 
mile^  while  that  of  the  tableland  adjoining  is  about  20  feet  per 
mile. 

(6.)  The  tableland  of  Beaulieu  Heath  abuts  boldly  upon  the 
western  shore  of  Southampton  Water,,  as  section  No.  2  shows ;  but 

*  Gkntleman'8  Mag.  1757,  p.  64. 

t  Warner's  •  Collections  for  a  History  of  Hanta,'  vol.  i.  p.  266. 

t  Trans.  OeoL  Soc  vol.  i.  2nd  eeries,  p.  90. 
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on  the  opposite  or  Netley  side  of  the  water  there  is  a  low  gravel- 
eapped  cliff,  10  or  20  feet  above  the  searlevel,  from  which  the 
ground  rises  at  first  rather  sharply  to  60  feet,  and  then  gradually 
to  an  escarpment  from  200  to  300  feet  high,  overlooking  ground  to 
the  north-eastward  140  or  160  feet  lower  in  level  (sections  Nos.  2  and 
6).  This  escarpment  extends  from  Ghilworth,  by  Bitteme,  Bursledon 
Mill^  and  Sarisbury  Green,  to  the  TitchMd  river.  It  varies  in 
height  from  304  feet  at  Ghilworth,  to  150  feet  near  Titchfield,  and 
is  roughly  parallel  to  Southampton  Water  and  the  coast-line.  The 
sm^Eice  is  very  generally  covered  with  gravel  or  brick-earth,  except 
where  it  has  been  removed  by  fluviatile  action ;  and  the  rivers 
Itchen  and  Hamble  and  the  Titchfield  river  cut  through  the  table-  - 
land  exactly  as  the  Boldre  and  Beaulieu  rivers  do  on  their  way  to 
the  Solent,  so  that  Southampton  Water  bears  the  same  relation  to 
the  former  rivers  as  the  Solent  does  to  the  latter.  The  bottom  of 
the  Itchen  valley  is  showo  in  section  No.  6  through  Southampton 
to  Ghilworth  and  Ghandler's  Ford.  About  Shirley,  Ghilworth,  and 
Toot  Hill  the  caiving  out  of  deep  valle3rs  in  sloping  tableland  is  as 
remarkable  as  near  Bramshaw  telegraph. 

The  river  Test,  which  is  by  far  the  most  considerable  of  the  rivero 
flowing  into  Southampton  Water,  is  bordered  on  the  west,  near  Bom- 
sey,  by  high  ground  covered  with  gravel,  which,  near  Shootash,  at- 
tains a  height  of  275  feet  above  the  sea,  or  240  feet  above  the  Test 
valley.  From  Shootash  a  gravel-covered  crest  runs  northwards  for 
two  miles,  having  low  ground  on  the  west  and  a'  gradual  slope 
towards  the  river ;  and  high  land  covered  with  grav^  extends  for 
three  miles  to  the  south  of  Shootash,  at  an  elevation  of  upwards  of 
140  feet  above  the  valley. 

At  Gadbury  Farm,  one  mile  north-east  of  Mottisfont  and  five 
miles  above  Romsey,  is  a  patch  of  gravel  15  feet  thick,  about  270 
feet  above  the  sea,  and  nearly  200  feet  above  the  river,  which 
appears  to  be  an  outlier  of  the  gravel  just  described. 

On  the  east  of  the  Tost,  opposite  the  high  gravels  of  Shootash, 
extensive  gravel-covered  surfaces  occur  at  from  80  to  100  feet  above 
the  river,  between  which  and  a  lower  level  of  gravel  a  well-defined 
step  is  observable.  About  Eedbridge  there  are  gravel  flats  at  a 
low  level,  which,  towards  Southampton,  appear  to  join  the  sheet  of 
gravel  which  covers  the  sloping  tableland,  and  extends  up  to  the 
escarpment. 

Bordering  on  the  Itchen,  between  Bishopstoke  and  Swathling,  is 
a  great  bed  of  gravel  at  about  20  feet  above  the  river.  Lower 
down  the  river,  where  it  traverses  the  high  groimd,  there  are 
gravels  at  the  same  level,  cut  off  from  the  gravel  covering  the  plain 
by  a  bare  slope.  Near  the  confluence  of  the  river  with  Southampton 
Water  the  gravel  covering  the  tableland  and  the  valley-gravel  of 
the  Itchen  appear  to  join. 

To  the  east  of  the  Hamble  river  the  tableland  of  Titchfield  com- 
mon is  separated  from  the  lower  ground  of  Ghilling  and  Brunage 
by  a  tolerably  well-defined  step,  which  extends  beyond  the  Titch- 
field river,  and  is  shown  in  section  No,  7  from  Brunage  and  section 
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No.  8  from  Stubbington,  northwards.  Titcbfield  oommon  and  the 
tableland  about  it  U  grayel-covered ;  but  this  appears  not  to  be 
the  case  with  the  corresponding  level  between  Titchfield  and  Fare- 
ham.  The  lower  level  of  Brunage,  Hill  Head,  Stnbbington,  and 
Alverstoke  is  almost  uniformly  covered  with  gravel  or  brick-earth. 
The  section  which  is  seen  in  the  diff  between  Hook  and  Browndown 
has  been  well  described  by  Mr.  Evans  * ;  the  diff  ia  everywhere 
less  than  40  feet  above  the  mean  sea-level,  and  the  gravel  in  several 
places  reaches  as  low  as  bigh-water  mark. 

JFrom  Browndown  a  low  inland  cliff,  which  rises  above  the  shingle 
of  the  rifle-ranges,  runs  inside  the  fortification-ditch  as  far  as  the 
railway  at  Anglesea,  and  marks  the  boundary  of  the  gravel  whidi 
covers  the  level  of  Lee,  Grange,  and  Alverstoke.  Between  this 
cliff  and  the  shore  lies  a  level  tract  more  than  three  miles  long  and 
a  quarter  of  a  mile  wide,  and  but  little  above  high  water.  The 
structure  of  the  shingle  composing  it  was  exposed  in  extensive  ex- 
cavations made  to  obtain  materials  for  the  concrete  blocks  for  the 
Bpithead  forts.  It  is  evidently  a  recent  beach-deposit  due  to  exist- 
ing conditions.  It  has  not  the  coherence  or  the  ferruginons  eoloar 
of  the  gravel  in  the  cliffs  of  Brunage  and  Lee,  from  which  it  also 
differs  in  containing  numerous  oyster  and  other  shells;  but  the 
materials  are  the  same,  flints  but  httle  rolled,  with  frequent  seams 
of  sand,  and  in  general  structure  there  is  a  good  deal  of  similarity. 

About  Portsmouth  a  low  gravel-covered  flat,  which  is  apparently 
a  continuation  of  that  on  the  Gosport  side  of  the  harbour,  extends 
to  the  base  of  the  chalk  range  of  Portsdown  HiU,  to  the  east  of 
which  the  lower  level  is  again  divided  from  a  higher  gravel-covered 
surface  140  feet  above  the  sea  by  a  slope.  Section  No.  9  through 
Hayling  Island,  and  passing  half  a  mile  to  the  west  of  Bourne 
Gammon,  to  which  point  the  westward  extension  of  the  Brighton 
beach  has  been  traced  by  Mr.  Prestwich  t,  shows  a  very  similar  ouf^ 
line  to  the  sections  near  Titchfield  (Nos.  7  &  8).  Still  further  east* 
ward  are  the  remains  of  the  old  sea-bed  at  Avisford  and  Waterbeacht 
with  marine  shells  at  from  80  to  100  feet  above  the  sear-level,  to  the 
south  of  which  lies  the  low,ground  of  Selsea,  covered  with  marine 
gravel  containing  large  blocks  of  syenite,  porphyry,  granite,  &c. 
and  overlying  the  mud-deposit  of  Pagham§,  which  contains  littoral 
shells  of  southern  spedes,  with  remains  of  Elephas  antiquus  ]], 

(c)  The  gravel  varies  but  little  in  character  or  composition  over  the 
area  which  has  now  been  described ;  it  consists  almost  exdusively 
of  chalk  flints,  little  rolled  and  often  perfectly  fresh.  There  is 
alwajs,  however,  a  proportion  of  tertiary  pebbles ;  and  where,  as 
between  Bournemouth  and  Christchurch,  extensive  pebble-beds  occur 
in  the  underlying  tertiary  strata,  the  proportion  of  pebbles  in  the 

*  Quart  Joum.  G«ol.  Soc.  vol.  xx.  p.  188. 

t  Quart.  Joum.  Geol.  Soo.  vol.  xv.  p.  215.  t  Ibid- 

§  Vi<le  Mr.  God  win- Austen,  Quart.  Joum.  Gkol.  Soc  vol.  xiiL  p.  50,  and  Sir  C. 


Lyeirs  'Antiquity  of  Man,'  p.  281. 
H  TheKev.O.lPishe  " 


H  The  Kev.  O.  Fisher  believes  (Geological  Mag.  vol.  i.  p.  140)  that  the  remains 
of  E,  mmdioiialis  are  also  found  in  this  deposit. 
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Cprayd  is  considerable.  Pragments  of  sarsen,  or  grey-vether 
sandstone,  are  met  with  everywhere,  and  blocks  of  considerable  size 
are  found  in  the  gravel  of  the  clif^  between  Southampton  Water  and 
Cfoflport,  and  near  Southampton,  at  170  feet  above  the  sea.  A  block 
of  puddingstone^  part  of  a  larger  mass,  which  is  stated  to  have  come 
from  the  gravel  of  Hordwell  Cliff,  is  now  in  the  Jermyn-Street  Mu- 
seum. Mr.  Godwin-Austen  ♦  has  recorded  the  presence  of  waterwom 
specimens  of  white  quartz,  granite,  and  porphyry  in  the  gravel  on 
the  high  plain  a  little  to  the  east  of  Poole,  at  about  160  feet  above 
the  sea ;  and  white  quartz-pebbles  certainly  occur  as  far  east  as 
Xymington.  In  the  gravel  covering  Portsea  Island,  at  a  level  not 
much  above  high  water,  numerous  blocks  of  granite,  syenite,  and 
greenstone,  as  well  as  of  sarsen-stone,  are  found.  They  are  to  be 
seen  lying  in  the  gravel*pits  near  Southsea,where  the  gravel  is  at  least 
27  feet  thick,  and  covered  with  brick-earth,  and  in  the  excavation 
for  the  sewers  they  were  frequently  met  with.  They  are  rounded 
and  smoothed  boulders,  from  1  to  2  cubic  feet  in  size,  and  have  un*^ 
dergone  a  partial  decomposition,  which  renders  them  brittle.  They 
do  not  appear  to  extend  to  the  gravel  on  the  west  of  Gosport,  which 
is  but  little  higher  in  level.  They  are  probably  derived  from  the 
same  source  as  the  similar  boulders  of  Pagham  and  Brackleshamj 
namely,  from  rooks  on  the  Prench  side  of  the  channel. 

Brick-earth  of  a  sandy  nature  is  generally  interstratifled  in  the 
gravel  in  lenticular  seams,  and  sometimes  overlies  it.  The  bedding 
is  generally  even  and  free  from  disturbance  or  contortion  ;  and  it  is 
to  be  remarked  that  the  contortions  and  foldings  of  tho  brick- 
earth  and  gravel  usually  attributed  to  glacial  action  are  met  vrith 
only  at  comparatively  low  levels.  In  the  low  gravel-cliflfe  to  the 
south  of  Chnstchurch,  near  Brunage,  and  in  a  gravel-pit  near  Angle- 
sea  (PI.  XXXYII.  jBjg.  14)  the  characteristic  convolutions  are  seen ; 
but  the  height  at  these  places  is  not  more  than  30  feet  above  the  sea. 

At  heights  ranging  to  200  and  300  feet  above  tho  sea,  the  gravel 
is  sometimes  folded,  apparently  from  the  unequal  wasting  and  sub- 
sidence of  the  clay  or  marl  on  which  it  lies.  There  is  an  instance  of 
this  near  Chilwortii  **  Tower  of  the  Winds,"  at  300  feet  above  the  sea, 
where  the  Bracklesham  clay  has  so  wasted  and  subsided  (fig.  15). 
This  action  is  more  commonly  observable  at  the  edges  of  the  plaina> 
and  in  some  cases  from  this  cause  the  bedding  of  the  gravel  has  been 
entirely  effaced. 

The  general  colour  of  the  gravel  is  a  deep  red.brown ;  there  is, 
however,  a  white  gravel  (so  known  locally  and  distinguished  from  the 
red  or  binding  gravel)  which  is  often  met  with  and  deserves  some 
notice.  It  generally  overlias  the  red  gravel  and  penetrates  it  in  pot- 
holes and  pipes.  It  is  loose  and  sandy,  and  the  £nts  in  it  are  white, 
with  a  curious  porcelain-like  lustre.  The  sandy  matrix  is  sometimes 
dark  with  vegetable  matter,  and  there  is  often  a  black  carbonaceous 
band  between  the  white  gravel  and  the  red  (vide  fig.  15).  I  believe 
that  generally  the  white  gravel  has  been  formed  in  situ,  and  that  its 

*  Quart.  Joum.  Qeol.  Soc.  vol,  xiii.  p.  45. 
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origin  is  due  to  the  bleacbing-action  of  water  holding  organic  mattesB 
in  solution  upon  the  red  peroxide  of  iron,  by  reducing  it  to  a  soluble 
protoxide  in  the  way  pointed  out  by  Bischoff *.  The  pipes  of  white 
gravel  penetrating  the  red,  and  the  black  carbonaceous  band  separat- 
ing the  two  gravels,  are  usually  full  of  root-fibres.  Where,  as  in  some 
sections,  the  white  gravel  seems  to  be  interstratified  in  the  red,  it  is 
probable  that  an  unseen  pipe  communicates  with  a  more  sandy  and 
porous  seam,  which  has  been  bleached,  while  the  less  porous  gravel 
over  it  has  been  unaffected.  In  some  instances,  however,  it  appears 
as  if  the  white  gravel  were  a  subsequent  deposit.  In  a  section  in  a 
brick-yard  to  the  east  of  Lymington  the  red  gravel  seems  to  have 
been  cut  away  before  the  white  was  deposited  on  its  flank.  In  the 
chines  or  bunnies  to  the  west  of  Bournemouth  there  are  sections  at 
right  angles  to  the  coast  showing  the  red  gravel  with  brick-earth 
over  it,  ending  against  a  slope  of  Bagshot  sand  on  the  land  side 
and  thinning  out  towards  the  sea,  so  that  the  white  gravel  which 
overlies  both  overlaps  the  brick-earth,  and  rests  directly  on  the  red 
gravel,  reduced  to  less  than  half  its  thickness  in  the  sea  iajce  of  the 
cliff.  In  the  east  side  of  Allum  Chine  the  white  gravel  is  seen  over- 
lapping both  brick-earth  and  red  gravel,  and  resting  directly  on  the 
Bagshot  sand.  These  appearances  are  not,  however,  inconsistent 
with  the  supposition  that  the  white  gravel  is  contemporaneous  with 
the  red,  and  has  been  bleached  in  the  way  above  noticed  in  conse- 
quence of  its  porosity. 

The  occurrence  of  white  gravel  over  red  in  the  south-west  of 
Sussex  is  noticed  by  Mr.  Martin  f^  and  by  Mr.  Godwin-Austen:}:,  both 
gentlemen  considering  the  white  gravel  to  be  the  newer,  and  a  di- 
stinct deposit  from  the  red  gravel. 

The  gravel  varies  much  in  thickness.  On  the  plains  at  high  levels 
sections  are  rare,  but  the  depth  does  not  generally  appear  to  exceed 

5  or  6  feet.  On  the  edges  of  the  jplains  bordering  on  the  valleys, 
and  on  the  terraces  which  occur  a  little  below  the  level  of  the  plains 
in  the  larger  valleys,  the  thickness  is  greater.  In  the  raUway-cut- 
ting  one  mile  south  of  Wimbome,  through  a  plain  176  feet  above  the 
sea,  the  gravel  is  as  thick  as  from  25  to  30  feet.  Where  the  junction 
of  the  gravel  with  the  underljdng  formation  is  exposed  in  long  sec- 
tions, it  is  seen  to  be  much  more  irregular  than  the  surface.  There 
are  instances  of  this  in  the  railway-cutting  near  Wimbome,  and  in 
that  through  the  level  plain  between  Christchurch  and  Bournemouth, 
where  the  gravel  varies  from  2  to  12  feet  in  thickness  in  20  yards. 
In  the  cliff-sections  similar  variations  are  observable;  but  the 
average  thickness  in  them  and  in  the  gravel-pits  in  the  neighbour^ 
hood  is  about  10  feet.  In  the  Barton  and  Hordwell  Cliffs  the  gra- 
vel is  15  or  18  feet  thick,  but  it  thins  out,  as  before  noticed,  to  8  or 
9  feet  in  pits  near  the  coast,  and  to  5  or  6  feet  more  inland.  On  the 
plains  about  Beaulieu,  and  on  the  eastern  side  of  Southampton  Water, 

6  or  7  feet  appears  to  be  the  average  thickness,  while  at  low  levels, 
as  in  the  diff-section  between  Southampton  Water  and  Gosport,  it  is 

*  Chemioal  and  Physical  Gteology,  vol.  L  p.  166. 

t  Quart.  Joum.  Geol.  Soc.  vol.  xii.  p.  136,         J  Ibid,  vol  xiii.  p.  48. 
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generally  10  feet,  and  sometimes  15  or  16  feet,  and  in  a  pit  near 
jSoathsea  at  least  27  feet  thick,  extending  to  bdow  the  sea-leTel. 

{d)  No  organic  remains  have  hitherto  been  found  in  the  gravel 
eoyezing  the  plains.  Mr.  Trimmer,  who  carefdlly  examined  the  New 
Forest  and  the  neighbouring  counlay,  observes  that  he  found  neither 
shells  nor  mammalian  bones,  nor  coidd  he  hear  of  any  haying  been 
found  in  the  gravel*.  Mr.  Wise,  in  a  recent  work  on  the  New 
Forest  t,  notices  the  same  absence  of  mammalian  remains.  He  re- 
cords the  finding  of  the  as  innominatum  of  probably  Bos  longifrons ; 
but  the  locality  was  Shepherd's  Ghitter,  near  Bramshaw,  on  low  ground, 
and  in  gravel  perfectly  distinct  from  that  covering  the  plains.  In 
the  vaUey-gravels  mammalian  bones  &o.  have  been  found.  The  rich 
collections  made  from  the  gravels  of  the  Avon  and  Wily,  near  Salis- 
bury, are  well  known.  At  Fordingbridge,  ten  miles  below  Salisbury, 
on  the  Avon,  the  teeth  of  JEUphas  primigenius  have  been  found  in 
gravel  about  40  feet  above  the  river,  in  which  also  were  imbedded 
several  flint  implements  now  in  the  Blackmore  Museum  at  Salis- 
bury. 

In  gravels  of  the  Stour  valley  near  Blandford,  50  feet  above  the 
river,  elephant-  and  horse-bones  and  teeth  were  found  in  some  abun- 
dance]:. 

At  Dewlish,  situated  on  a  tributary  of  the  Trent  or  Piddle, 
which  flows  into  Poole  Harbour,  the  bones,  molars,  and  tusks  of 
EUphas  meridionalis  were  found  in  1813  in  a  pit  on  the  side  of  a 
chidk  hill  100  feet  above  the  base.  A  molar  is  preserved  in  the 
Blackmore  Museum,  in  the  guide  to  which  §  Mr.  E.  T.  Stevens  quotes 
the  notice  of  the  discovery  given  in  the  '  Monthly  Magazine '  for 
May  1814. 

At  Swathling,  near  Southampton,  in  the  valley  of  the  Itchen,  a 
molar  of  Elephas  prinugerdus  was  discovered  a  few  years  since  in 
gravel  about  10  feet  above  the  river,  and  is  preserved  at  the  Fleming 
Arms  Inn. 

Flint  implements  have  been  found  in  the  tabular  bed  of  gravel 
capping  the  difSs  near  Bournemouth  at  120  feet  above  the  sea-level ; 
of  ihesoy  one  or  two  were  found  in  situ  by  Dr.  Blackmore.  In  the 
Christy  collection  is  a  cast  of  a  large  oval  implement  from  near 
Lymington ;  and  recently  two  specimens  have  been  obtained  from 
gravel-pits  on  Southampton  Common  at  86  and  150  feet  above  the 
>sea-level.  From  the  gravel  cliff  between  Southampton  Water  and 
Gosport  numerous  specimens  have  been  obtained.  With  one  excep- 
tion these  were  pi<^ed  up  on  the  beach,  on  which  they  evidentiy 
had  been  rolled ;  but  the  sharp  angles  appear  to  have  been  smoothly 
rounded  off  before  the  rougher  rolling  on  the  modem  beach  took 
place.  With  few  exceptions  they  have  the  whitish  coating  and  por- 
eelain-like  lustre  of  the  flints  in  the  white  gravel  already  described ; 
and  as  the  white  coating  has  been  removed  at  the  angles  by  the 

*  Quart.  Joum.  Geol,  Soc.  vol.  mj>.  25. 

t  The  New  Forest,  &c.    By  J.  B.  Wise. 

I  Forbee*s  Memoir  on  the  FluTiomarine  Tertiaries  T)f  the  Isle  of  Wight. 

§  Flint  Chips,  p.  20. 
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beacb'^rolling}  it  Would  seeiii  that  the  implcm^tB  itte  derived  from 
the  white  graroL  At  Bouiiiemouth  also  they  ate  geneHdly  wbite^ 
too  that  it  would  bpp^sf  that  on  tiie  Hamp&hiie  ooflBt  the  impletiiaitB 
lie  neair  ^e  tot»  <^  the  griivel^  and  not^as  ie  generally  the  cMO^&etf 
th«baie> 

nL  TttB  Ibm  6t  WruHT. 

The  general  featnies  of  the  Isle  ei  Wight  aire  well  known.  A 
ohalk  range  mnning  eabt  and  west,  and  attaining  an  devaiion  of 
nearly  700  feet^  diyidee  the  island  into  two  nearly  equal  parta^  and 
ifl  tratt^sed  by  three  riTer-valleySy  at  Freshwater,  at  Newport^  and 
at  Brading.  Mote  than  three  quarters  of  the  island  is  drainad  by 
the  rivers  thus  flowing  northward  to  the  Solent  and  Bpithead. 

(a)  In  the  northern  part  of  the  island  the  flat-topped  hilla  an 
iMi^ped  with  flint^ayel  at  from  100  to  300  feet  above  the  sea;  and 
though  the  evidences  of  a  once  contanuous  gravel-oovered  tableland 
are  not  so  plain  as  on  the  mainland,  section  No.  10,  from  St.  Geoi^pe^k 
Down  to  NorriSy  ^owb  how  the  gravd  covering  the  hills  coinddeB 
with  a  fdain  having  a  uniform  slope  towards  the  north*  Detaehed 
patches  of  similar  gravel  on  Hempstead  Cliff,  200  feet,  and  on  Hear 
don  Hill,  390  feet  above  the  sea^  may  also  be  looked  upon  as  rem- 
nants of  a  tabldand  coB^wrable  to  that  on  the  mainland,  but  slopng 
northwards^ 

The  gravel  difibirs  but  little  from  that  on  the  mainland.  It  txtt^ 
tains>  however,  besides  chalk-flints  and  tertiary  pebbles,  Uppob- 
Qreensand  chert  and  Inaterials  from  the  Lower-Greensand  beds*  La 
the  gravel  on  the  cliff  near  Egypt,  to  the  west  of  Coweil)  at  abotot 
130  feet  above  the  sea,  I  found  a  lai^  liver-coloured  pebble  evidently 
derived  from  the  New  Bed  Conglomerate  beds.  This,  with  Ihe  white 
quarts  and  granitic  pebbles  already  noticed  as  occuning  in  the  gra- 
yel  at  Lymington  and  on  Poole  Heath,  establishes  a  connexion  witii 
eountry  far  to  the  westward,  which  is  worthy  of  notice. 

As  on  the  mainland,  neither  sheUs  nor  bones  of  any  sort  have  beett 
found  in  this  gravel,  though  the  valley-gravels  have  afforded  mam- 
malian remains  in  some  abundance ;  Mr.  £.  P.  WiUdns,  of  I^ewport, 
records*  the  discovery  in  the  gravds  ef  the  Medina  valley  ot  tiwth 
and  bones  of  the  mammoth,  rhinoceros,  horse,  ox,  deer,  and  hog^ 

(h)  To  the  south  of  the  chalk  range  Uiere  are  gravels  whidh, 
though  lying  at  considerable  elevations,  do  not  appear  to  be  fn^ 
ments  of  a  tabular  surface,  but  rather  to  be  high4evel  gravels  con- 
nected vrith  the  rivers  which  drain  the  southern  part  of  the  isUnd, 
bnd  flow  northward  through  the  chalk  range»  Such  is  the  gravel 
on  Blakedovm,  270  feet  above  the  sea  and  170  feet  above  the 
adjacent  stream,  and  that  at  Whitcomb,  260  feet  above  the  sea  and 
160  feet  above  the  stream. 

With  them  may  be  also  classed  the  deposit  of  gravel  and  loam 
which  caps  the  cliffs  between  Blackgang  Chine  ahd  Compton  Bay. 

*  theology  Ac.  of  the  Isle  of  Wight,  p.  7. 
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Near  tho  former  place  it  attains  a  height  of  800  feet  above  the  sea, 
and  undulating  with  the  cliff-section,  it  falls  as  low  as  50  feet  oppo- 
site Oompton  Grange,  rising  again  to  100  feet  to  the  west  of  this, 
"where  the  gravel  thins  out ;  but  the  overlying  briok«^arth  is  oonti^ 
nued  for  some  distance  furthen  The  gravel  consists  of  flintsi  with 
chert  and  iraistoie;  it  oontains  sandHE^ams,  and  is  overlain  hj 
evenly  bedded  biick-earth.  To  the  east  of  Brook  Chine  the  grav^ 
is  as  much  as  15  feet  thick,  and  the  brick-earth  12  feet. 

At  two  points  in  this  deposit,  at  about  100  yards  east  of  Grange 
Chine,  between  60  and  70  feet  above  the  sea,  and  at  half  a  mile 
east  of  Brook  Chine,  and  about  06  feet  above  the  sea,  Mr.  Wilkins 
infi>rms  me  that  remains  of  Elephas  primigeniue  have  been  found. 
.In  both  oases  they  were  from  the  gravd  continuously  capping  the 
diff,  and  not  in  valleys  connected  with  the  Chines. 

At  a  small  Chine  called  Sheppard's  Chine,  a  mile  west  of  iBrook, 
-are  the  peaty  beds  with  hazel-nuts  end  twigs,  which  have  been  ofton 
-described  as  lying  beneath  the  gravel*.  Jjl  August,  1868,  it  was 
plain  that  tiiese  beds  were  in  a  hollow  in  tiie  gravel,  which  was 
2  feet  6  inches  thick  beneath  them»  Over  the  seams  c^  sand  oon- 
taxaing  vegetable  matter  lies  6  feet  of  sandy  biick-earth. 

(e)  Within  two  miles  of  the  western  end  of  the  deposit  which 
eaps  the  cliff  continuously  from  Blackgang  Chine,  are  the  mamma- 
lif erous  gravels  of  Freshwater,  which  were  described  by  Mr*  Godwii^- 
Austen  in  Forbes's  Memoir ;  and  his  description  in  1853  corresponds 
well  with  the  section  now  ea^osed.  The  lower  beds  contain  subangnlar 
dialk-flints,  with  much  lower  cretaceous  ironstone  and  chert,  and 
bands  of  coarse  sand,  the  whole  stained  of  a  red-brown  colour. 
These  beds  rest  on  the  chalk,  and  against  a  rearranged  formation  of 
chalk-flints  in  a  chalky  paste,  whi<^  is  perhaps  a  talus  formed  by 
ffubaerial  weathmng  of  the  chalk  before  the  deposition  of  the  gra- 
vel. A  curved  line  sloping  steeply  towards  the  valley  separates  the 
lowest  beds  from  a  similar  gravel  of  a  lighter  colour,  which  is  not 
always  to  be  clearly  distinguished  from  the  former.  A  third  gravel 
is  again  sharply  divided  from  the  second  by  a  curved  line  sloping 
towards  the  valley.  It  is  finer,  more  sandy,  with  much  cross  bed- 
ding, and  contains  many  smaU  white  chalk-pebUes ;  and  it  was  in 
this  that  the  molar  of  Elephas  printigenius,  now  preserved  at  the 
Albion  Hotel,  was  found  at  a  few  feet  above  high-water  level.  Over 
aU  the  gravel-deposits  lies  a  stratum  of  brick-earth  from  4  to  13  &et 
thick,  containing  seams  of  angular  fragments  of  flint,  which  reaches 
a  height  of  about  60  feet  above  the  sea- towards  the  F(»^  On  the 
east  side  of  the  valley  another  molar  of  SkpJuu  prwiigmitu  was 
found  in  the  gravel,  and  there  are  many  shells  of  JSuccinea  and  Pupa 
in  the  overlying  brick-earth. 

(<f)  There  is  here  ^[hibited  in  a  sea-cliff  a  complete  section 
across  a  river-valley  with  its  gravels;  and  the  direction  in  which  the 
river  flowed  was  clearly  from  the  southward,  and  seaward.    The 

*  Fide  Webster  in  Sir  H.  Enriefleld's  Jjde  of  Wight;'  Geological  Survey  Map 
and  Memoir ;  Mr.  Bristow  in  Forbes's  Memoir  on  the  FluTiomarine  Tertiariea 
of  the  Isle  of  Wifj^;  Mr.  Qodwin-AasteD,  Quark  Jovm.  Qesl.  See.  vol.  zi.  p.  116. 
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presnmpiioa  would  be  stron^^  that  the  river  flowed  in  the  same 
direction  as  the  present  stream,  were  there  no  eridmoe  in  the 
materials  of  the  gravel  to  show  that  the  river  ran  throngh  the  Lower 
Greensand  and  Wealden  beds.  In  considering  what  extent  of  land 
existed  to  the  southward  of  the  present  ooast-line  when  these 
gravels  were  formed,  a  comparison  with  the  very  similar  valley  at 
the  eastern  end  of  the  isluid  gives  indications  worth  notice.  At 
Freshwater  a  stream  rises  dose  to  the  beach,  at  a  level  below  that 
of  high  water,  and  flows  northward  to  the  Solent,  by  Yarmouth. 
At  the  other  end  of  the  island  the  Brading  river  has  two  branches, 
one  rising  at  the  back  of  a  beach  protected  by  groynes,  in  Sandown 
Bay,  and  flowing  for  its  entire  course  below  the  level  of  high  wtAet ; 
and  the  other  draining  a  considerable  area  towards  Arreton  and  Niton. 

Mr.  Godwin-Austen  has  obs^ved*  with  r^;ard  to  the  Sandham 
level,  which  constitutes  that  part  of  the  valley  of  the  Brading  river 
which  is  belowhigh-water  level,  that  excavations  for  deep  drains  show 
no  signs  of  estuary  deposits,  or  evidence  of  the  sea  having  formerly 
occupied  it;  and  the  same  observation  applies  to  the  Freshwati^ 
valley.  Not  only  ib  there  no  evidence  that  the  sea  has  ever  occuped 
these  valleys,  now  not  much  above  half-tide  level  and  artificially 
protected  from  the  sea,  but  the  succession  of  gravels  down  to  the 
sea-level  seems  to  prove  that  both  valleys  have  been  gradually 
deepened  by  fluviatile  action  only. 

Both  valleys  traverse  the  chalk  under  similar  circumstances ;  the 
thickness  is  the  same,  and  the  strata  are  nearly  vertical.  Fig.  13  (PL 
XXXYII)  shows  the  transverse  sections  of  tide  two  valleys  through 
the  chalk  drawn  to  the  same  scale,  and  if  the  sectional  areas  may  be 
considered  as  roughly  proportional  to  the  extent  of  the  river-basins, 
the  andent  Yar  was  at  least  as  important  a  [stream  as  the  Brading 
river.  The  latter  at  present  drains  24  square  miles,  to  the  south  <^ 
the  chalk  range,  or  ^  of  the  area  of  the  island ;  and  gravels  on  the 
clifls  about  Sandown  show  that  the  branch  of  the  river  which  now 
rises  near  the  beach  is  the  representative  of  a  much  larger  stream, 
which,  when  flowing  100  feet  higher,  drained  land  then  occupying 
the  position  of  Sandown  Bay.  It  is  therefore  not  an  improbable 
supposition  that  the  gravd  with  Elephant  remains  on  the  clifis  at 
Brook  and  Grange  was  included  in  the  same  river-basin  as  the  Fresh- 
water gravel,  and  that  the  streams  now  entering  the  sea  between 
Blackgang  Chine  and  Compton  Bay  were  tributaries  of  a  river 
flowing  northwards  through  the  chalk  range  to  the  Solent.  The 
difference  of  level  in  the  gravel  is  no  more  than  is  due  to  the  natural 
fall  of  the  watercourses,  and  the  waste  of  the  cli£&  now  going  on 
shows  that  a  considerable  area  of  land  has  but  recently  been 
destroyed. 

The  chines  by  which  the  streams  at  the  back  of  the  Isle  of  Wight 
enter  the  sea  are  probably  due  to  the  alteration  in  the  drainage 
consequent  on  the  destruction  of  this  land.  The  streams  ending  in 
chines  present  no  unusual  features  until  they  come  within  a  short 

*  Quart,  Joum.  GkoL  Soc.  vol.  xiii.  p.  66. 
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^tistance  of  the  coasts  when  they  begin  to  fall  more  and  more  rapidly 
through  a  ravine,  -which  has  been  cut  out  in  the  bottom  of  a  valley 
corresponding  in  level  and  cross  section,  and  continuous  -with  that 
in  which  the  stream  flows  before  it  enters  the  ravine.  The  in- 
creased rate  of  faU  towards  the  sea  is  opposed  to  the  general  tendency 
of  streams  to  fall  less  as  they  near  their  outfall,  and  it  seems  to 
point  to  a  somewhat  sudden  change  in  the  conditions  under  which 
the  streams  flowed.  Such  a  change  would  result  if  the  streams  which 
were  tributaries  of  a  liver  flowing  to  the  Solent  by  Prcshwater  had 
been  provided  with  new  outfalls  by  the  cutting  back  of  the  coast- 
line, until  the  river  and  its  brandies  were  intersected  while  still 
flowing  at  a  considerable  height  above  the  sea.  If  this  be  the  true 
explanation  of  the  occurrence  of  the  chines  at  the  back  of  the  Isle  of 
Wight,  it  would  seem  to  be  a  fair  inference  that  where  chines,  or 
bunnies,  aro  found,  a  similar  change  in  the  outfall  of  the  streams 
has  taken  place. 

(e)  The  section  of  gravel  exhibited  in  the  chff  round  Foreland 
Point,  at  the  eastern  extremity  of  the  Isle  of  Wight,  seems  to  deserve 
a  more  detailed  description  than  it  has  hitherto  received,  although 
it  has  been  often  mentioned*  in  notices  of  the  superficial  deposits  of 
the  neighbouring  country. 

Fig.  12  (PI.  XXXYII.)  represents  the  section  exposed  in  the  coast- 
line from  Whitediff  Bay,  round  the  headland.  The  main  mass  of  gra- 
Tel  consists  of  rounded  chalk-flints,  imbedded  in  sand  and  distinctly 
stratifled  in  layers  of  pebbles  of  assorted  sizes,  dipping  slightly 
northward.  The  flints,  though  well  rounded,  have  not  the  flmsh  of 
the  pebbles  in  tertiary  pebble-beds,  and  the  structure  shows  it  to  be 
a  beach-deposit.  Seams  of  pure  sand  overlie  bands  of  pebbles  as 
large  as  oranges,  and  layers  of  pebbles  stained  a  dark  rod  are 
succeeded  sharply  by  bands  of  white  pebbles.  Pieces  of  sarsen- 
stone,  and  fragments  of  chert  and  sandstone  from  beds  below  the 
chalk,  are  occasionally  met  with.  The  thickness  is  between  30  and 
40  feet,  extending  from  a  few  feet  above  high-water  mark  to  60  feet 
above  the  mean  sea-level.  The  general  colour  is  a  red-brown,  and 
it  is  only  near  the  overlying  brick-earth  that  there  is  any  admixture 
of  clay  or  loam. 

No  organic  remains  of  any  sort  have  been  found  in  this  gravel. 
In  structure  it  is  exactiy  like  a  beach-deposit,  and  in  many  respects 
nnlike  the  gravel  covering  the  high  ground  of  the  north  of  the 
island  and  the  mainland. 

Gravel  of  a  similar  character  is  said,  by  Mr.  Godwin-Austen  f,  to 
occur  at  St.  Helens,  and  is  supposed  by  that  gentieman  to  be  a 
continuation  of  the  Poreland  bed.  A  deposit  of  gravel  on  the  shore 
to  the  east  of  Byde  is  described  by  Mr.  Bristow:^  ^  consisting  of 
'<  white  rounded  flint-pebbles  in  brown  clay,  precisely  similar  to 

*  Forbears  Memoir,  p.  6 ;  Memoir  of  the  Geological  SurreY  of  the  Isle  of 
Wight  p.  103;  Godwin-Austen,  Quart.  Joum.  Geol.  Soc.  voLxl  p.  116;  Prest-. 
in<£,  Quart.  Joum.  €teol.  Soc.  vol.  xr.  p.  215. 

"f  Forbears  Memoir  on  the  TIuTiomanne  Tertiaries  of  the  Isle  of  Wight,  p.  7. 

\  Memoirs  of  the  Geological  Suryej  of  the  Isle  of  Wight,  p.  102. 

LJigitized  by  VjOOQ IC 


642  raooisBDnres  op  thb  qw>wbioal  bqcoft,         [June  8, 

tiiose  found  on  a  modem  Boa-beaoh.''  A  somewhat  similar  gravel  ef 
rounded  flints  of  considerable  size  is  also  notioed  by  Mr.  Bristow  aa 
occurring  in  the  yalley  of  King's  quay,  between  Ryde  and  Gowes. 

The  mass  of  shingle-grayel  at  the  Foreland  thins  suddenly  to- 
wards the  south,  and  is  overlain  by  86  feet  of  brick-earth  containing 
a  few  seams  of  small  angular  flints,  which  thins  rather  abruptly 
to  6  or  8  feet,  and  caps  the  edges  of  the  Eocene  beds  nearly  to  the 
chalk  range,  reaching  a  height  of  100  feet  above  the  sea.  A  similar 
brick-earth,  with  more  or  less  of  angular  flints,  appears  at  heights  up 
to  100  feet  at  many  points  over  &e  Bembridge  peninsula.  At  a 
point  marked  on  the  section  (fig.  12),  in  the  brick-earth  a  Httie  to 
the  south  of  the  thick  mass,  I  found  a  flint  implement  of  the  oval 
type.  It  lay  within  a  few  feet  of  the  top  of  the  cliff,  or  rather  of 
the  broken  slope  of  marl,  which  at  that  point  reaches  85  feet  above 
the  mean  sesr-leveL  It  was  with  a  few  other  flints  which  had 
recently  become  detached  from  the  brick-earth,  of  which  the  imple- 
ment still  bore  traces.  Unlike  the  great  majority  of  those  from  the 
gravel  of  the  Hampshire  coast,  it  is  perfectly  sharp  in  the  angles  of 
tiie  dhippings. 

The  brick-earth,  where  it  thins  out  over  the  thick  mass  c^  shingle- 
gravel,  is  eroded  and  overlain  by  a  drab-coloured  loam,  which  caps 
tiie  shingle-gravel  throughout,  and  extends  partly  over  the  other 
deposits  to  be  noticed  further  on.  A  little  to  i^e  north  of  the  Coast- 
Guard  Station,  where  the  diff  loses  height,  the  deep  red-brown  shingle- 
gravel  is  overlain  by  a  white  shingle,  the  junction  being  slightly 
irregular,  and  dipping  about  8^  northwards.  In  a  short  distance  a 
peat-bed  appears  beneath  a  more  clayey  gravel,  which  takes  the 
place  of  the  white  shingle ;  just  beyond,  a  bed  of  brick-earth  is 
interstratifled  in  the  gravel,  and  about  a  quarter  of  a  mile  from  the 
first  peat-bed  another  and  larger  one  occurs.  The  two  deposits  are 
so  much  alike  in  character  and  situation,  as  to  render  it  probable 
that  the  same  bed  in  seen  at  two  points.  At  a  few  feet  above  high^ 
water  mark  the  Bembridge  marl  is  covered. by  a  few  inches  of  dark 
grey  clay  with  black  pebbles,  on  which  the  peat-bed  lies,  and  is 
covered  by  6  inches  of  grey  clay,  succeeded  by  a  red  clayey  sand  pass- 
ing up  into  a  clayey  pebbly  gravel.  The  peat-bed  does  not  much  ex- 
ceed a  foot  in  thiclbiess ;  it  is  described  by  Mr.  Godwin-Austen,  who 
examined  it  with  Professor  E.  Forbes,  as  having  the  usual  charac- 
teristics of  accumulations  of  vegetable  matter  in  damp  situations,  and 
containing  the  remains  of  large  trees,  hazel-nuts,  and  beetles*. 
The  top  of  the  cliff  where  the  peat-beds  are  is  less  than  25  feet  above 
the  mean  sea-level,  and  the  gravel  is  much  more  clayey  than  the 
pebble-gravel  proper,  and  conftised  in  the  bedding.  Beyond  the 
second  peat-bed,  towards  Bembridge,  the  diff  again  rises,  and  the 
gravel  is  again  evenly  stratified  dean  shingle. 

In  this  section  the  shingle-gravel  is  dearly  the  oldest,  and  at  the 
time  of  its  accumulation  tiie  highest  part  must  have  been  near  the 
sea-level.    It  may  with  probability  be  looked  upon  as  the  equivaleii:^ 

*  Quart.  Joum.  Geol.  fSoo.  toI.  xi.  p.  116. 
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of  the  Bngkton  Beaoh,  the  ezteiui(m  of  which  has  been  traced  west- 
waids  by  Mr.  Prestwich*  ta  Avisford,  Goodwood^  ^ud  Bourne 
Oominon,  fbnrteen  and  a  half  nulee  to  the  N,NtK  of  t^e  Foreland 
gravel  t.  The  briok-earth  corresponds  in  position  with  the  i^bble- 
bed  with  elephant  remains  over  the  dd  beaoh  at  Biightonj  mi  with 
the  similar  bed  with  land  shells  over  the  Sangatte  beach.  The  n^ain 
mass  appears  to  iill  up  an  old  channel  cut  ti^ough  the  shingle,  ^nd 
its  highest  pact  could  hardly  have  been  deposited  muob  aboTO  the 
level  of  the  sea,  which,  as  the  shingle  shows,  must  have  been  near, 
A  rise  of  land  to  the  extent  of  70  or  80  feet  appears,  therefore,  to 
have  taken  place  since  the  deposition  of  the  brick-earth  in  which  the 
flint  implement  was  imbedded.  The  peat-beds,  and  the  gravel  and 
brick-earth  over  them,  must  have  been  formed  ^t  or  above  their  pre-* 
sent  level  and  subsequent  to  the  upheavaL 

lY.  GsN^iui.  CoirsinsBATioirs. 

In  entering  upon  the  consideration  of  the  conditions  under  which 
the  gravels  of  the  district  now  under  notice  were  deposited,  it  will 
be  convenient  to  take  as  a  starting-point  the  great  gravel-covered 
flat  of  southern  Sussex.  The  marine  character  of  iMa  gravel  haa 
been  shovm  by  Mr.  Dixon}:,  Mr.  Godwin- Austen §,  and  others.  At 
Pagham,  Braoklesham,  and  Selsea  it  overlies  the  mud^posit  with 
shells  of  southern  species  {Peetm  polymarpku$  fto.)  and  the  remains 
oiElephas  awHqyiuSy  and  contains  ice-transported  boulders  of  granite, 
porphyry,  syenite,  and  palaeosoic  rocks.  The  gravel  covering  Port- 
sea  Island  is  the  same  in  level,  and  also  contains  similar  boulders. 
Passing  across  Portsmouth  Harbour,  the  gravel  between  Gosport 
and  Southampton  Water  lies  at  the  same  level,  and  is  apparently  a 
continuation  of  the  others.  It  presents,  however,  a  more  fluviatile 
appearance,  and  large  blocks  of  sarsen-stone  brought  down  from 
inland,  and  lying  in  contorted  gravel,  take  the  place  of  the  granitic 
boulders  of  Selsea  and  Portscia,  and  are  equally  indicative  of  the 
glacial  conditions  under  which  the  beds  were  deposited. 

To  the  northward  of  this  low  tract  lie  the  beach-deposits  described 
by  Mr.  Prestwich  ||,  containing  marine  sheUs  at  from  80  to  100  feet 
above  the  sea-level  at  Waterbeach,  near  Goodwood,  and  extending 
westward  to  Bourne  Common ;  the  high  ground,  with  gravel,  shown 
in  section  No.  0 ;  and,  passing  by  Portsdown  Hill,  which  rises  im- 
mediately from  the  low  ground,  the  corresponding  level  shown  in 
sections  Nos.  8  and  7»  separated  from  the  lower  tract  by  a  steeper 
slope  or  step. 

*  Quart.  Joum.  QeoL  Soo.  voL  xv.  p.  315. 

t  There  seems  to  be  some  reason  to  beUere  that  a  raised  beaoh  may  ^ipst  at 
Bonohuroh.  Mr.  WiUdns  mentions  the  i&tA  that  the  jaw-bone  of  a  young 
whale  and  part  of  the  skull  of  an  elephant  were  found  in  drift  at  Horseshoe 


^  Dixon's  Geology,  4o.,  of  Bnsssoc 

f  Qaart  Joum.  GeoL  Soc.  vol.  zui  p.  50. 
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The  old  sea-bed  of  the  Sossex  level,  then,  appears  to  pass  between 
the  old  coast-line  thus  marked  out  on  the  north,  and  the  beaoh- 
deposits  of  the  Foreland,  St.  Helens,  &c.  along  the  coast  of  the  Isle 
of  Wight,  becoming  more  like  a  river-grayel  in  character,  and  con- 
taining numerous  &nt  implements  in  its  westward  extension.  The 
supposition  that  there  was  here  an  estuarj  through  which  the  riyers 
from  the  westward  reached  the  sea  when  the  Isle  of  Wight  was 
still  joined  to  the  mainland,  derives  support  from  other  consider- 
ationa. 

(a)  The  connexion  of  the  island  with  the  mainland,  widch  is 
obviously  suggested  by  the  continuation  of  the  chalk  range  of 
Furbeck  through  the  iidand,  appears  to  have  existed  down  to  recent 
times.  The  ten-fathom  line,  which  is  within  half  a  mile  of  the  coast 
all  along  the  back  of  the  Isle  of  Wight,  strikes  across  Christchurdi 
and  Poole  Bays  to  Handfast  Point,  following  the  course  of  the 
vertical  chalk  strata,  and  again  hugs  the  shore  round  the  Purbeek 
coast.  Inside  this  line  the  sea  is  generally  less  tiian  five  fathoms 
deep,  and  is  steadily  encroaching  on  the  land  at  the  rate  of  about  a 
yaid  in  a  year.  At  this  rate  the  coast  would  have  receded  from  the 
line  of  the  chalk  to  its  present  position  in  about  9000  years.  This 
is  of  course  but  a  rough  estimate  of  time,  but  it  shows  the  pro- 
bability of  a  connexion  by  which  the  Mammoth  and  tichoihine 
Bhinoceros  had  free  access  to  the  Isle  of  Wight  down  to  the  time  of 
the  lower  valley-gravels,  in  which  their  remains  are  far  from  rare. 

The  Chines,  or  bunnies,  along  the  coast  between  Hordwell  and 
Poole  appear  to  show  that  a  change  has  taken  place  in  the  course 
by  which  the  streams  reached  the  sea,  as  has  been  already  pointed 
out.  The  extensiTe  mud-flats  more  than  a  mile  wide  along  the  north 
shore  of  the  Solent  must,  as  Mr.  Godwin-Austen  has  observed*, 
have  originated  in  a  very  different  condition  of  the  Solent  frx>m  the 
present,  and  they  also  point  to  the  comparatively  recent  time  at 
which  tiie  condition  was  that  of  an  estuary,  in  which  the  formation 
of  such  mud-flats  would  have  been  natural* 

When  a  continuous  range  of  chalk  downs  stretched  along  where 
the  ten-fathom  line  now  Hes  between  the  Needles  and  Handfast 
Point,  the  river  system  was  most  probably  analogous  to  that  which 
now  exists.  All  the  streams  which  traverse  the  chalk  of  tiie  Isle  of 
Wight  and  Purbeek,  flow  northwards  from  the  older  beds  into  the 
Tertiary  basin ;  and  it  appears  unlikely  that  the  rivers  which  now 
enter  the  sea  at  Poole  and  Christchurch  took  an  opposite  course 
through  the  chalk.  It  is  natural  to  suppose  therefore  t^at  the  Prome 
and  Piddle  continued  their  easterly  course  inside  the  chalk  range  in 
a  joint  stream,  of  which  the  Avon  and  Stour  were  afliuents,  and 
which  received  tributaries  draining  country  up  to,  and  perhaps 
beyond,  the  chalk  on  the  south,  as  the  Gorfe  Eiver,  the  Medina,  and 
the  Brading  river  still  do.  The  rivers  flowing  into  Southampton 
Water  joined  those  coming  from  the  westward  by  way  of  the  Solent, 
and  formed  a  broad  estuary  communicating  wiUi  the  sea  by 
Spithead. 

*  Quart.  Joum;  Cteol.  ISoc  voL  xiii.  p.  65* 
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(h)  Mr.  Frestwich  has  correlated*  the  Brighton  heach  and  the 
Bnasez  grayel-beds  with  the  estuarine  beds  of  Mencheconrt,  and  has 
also  remarked  t  on  the  close  resemblance  which  the  Mencheoonrt 
beds  bear,  marine  characters  apart,  to  those  at  Eisherton,  near 
Salisbury.  The  flint  implements  from  the  coast  between  Gosport  and 
Sonthampton  Water  bear  a  corresponding  resemblance  to  those  from 
Fisherton  and  from  Mencheconrt.  The  ovoid  type  greatly  predomi- 
nates ;  and  where,  as  at  the  Blackmore  Museum,  a  large  number  of 
implements  from  the  Hill  Head  gravels  can  be  compared  with  a  series 
frcm  Eisherton,  and  from  Milford  Hill,  near  Salisbury,  the  general 
reaemblance  of  the  Hill  Head  and  Fisherton  specimens  to  each  other 
and  to  the  Menchecourt  type,  and  the  different  character  of  the 
Milford  "ffill  implements,  and  their  resemblance  to  the  spear-head 
form  common  at  8t.  Acheul,  are  equally  manifest.  Adopting  the 
supposition  that  the  Avon  flowed  to  the  sea  by  Spithead,  it  is  not 
dilScnlt  to  trace  a  connexion  between  the  Sussex  and  the  Hill-Head 
gravels  and  the  Fisherton  beds.  The  gravel  bordering  on  the  north 
£^ore  of  the  Solent  carries  on  the  Hill-Head  gravel  to  Lymington, 
where  an  oval  flint  implement  has  been  obtained  from  it,  and  on  to 
Milford*  Beyond  this  the  coast  is  exposed  to  the  open  sea,  and  has 
been  cut  back,  so  that  none  of  the  lower  level  remains  until  the 
Avon  valley  is  reached,  six  miles  to  the  westward.  There  contorted 
gravel  and  brick-earth  are  seen  in  the  diff-section  of  the  old  river 
ehannel  beyond  Hengistbury  Head,  at  from  20  to  40  feet  above  the 
sea-level,  and  thence  the  connexion  of  the  valley-gravels  up  to 
Salisbury  is  plain.  The  plateau  of  Beaulieu  Heath,  which  is  about 
70  feet  above  the  lower  gravel  on  the  north  of  the  Solent,  and  which 
corresponds  in  level  and  position  to  Titchfield  common,  stretches 
continuously  to  Poole,  broken  only  by  the  river- valleys,  as  is  shown 
in  section  No.  2.  In  the  gravel  covering  of  this  tableland  the 
flint  implements  of  Bournemouth  are  imbedded,  and  it  seems  pro- 
bable that  the  gravel  of  the  plains  at  this  level  near  the  coast  may 
correspond  in  age  with  the  high-level  valley-gravels,  as  it  does  in 
position  with  regard  to  the  lower  valley-gravels. 

Having  thus  a  sort  of  datum-line  with  which  to  compare  tho  levels 
of  the  gravel  covering  the  plains,  it  appears  that  while  near  the 
coast  the  tableland  is  but  50  or  60  feet  above  the  lower  valley- 
gravels  of  the  Avon,  at  Fordingbridge  it  is  250  feet  higher  than 
beds  with  flint  implements  oadEl^Jiasprimigenvus,  which  lie  about 
40  feet  above  the  river ;  and  when  the  tableland  attains  its  greatest 
elevation  near  Bramshaw  Telegraph,  it  is  240  feet  above  the  Fisher- 
ton beds  in  actual  level,  or  if  the  plain  were  prolonged  at  the  same 
inclination  it  would  pass  400  feet  above  the  f^herton  beds,  and  320 
feet  above  the  top  of  Milford  Hill  at  Salisbury. 

It  is  remarkable  that  tho  inclination  of  this  tableland,  if  pro- 
longed still  farther,  is  found  to  touch  the  highest  points  of  the 
country  up  to  the  source  of  the  Avon ;  namely,  Dean  Hill,  and 
Beacon  Hill^  MUk  Hill,  and  Martinsell  on  the  north  of  the  vale  of 
Pewsey. 

«  PhiL  Trans.  1864.  t  PhiL  Tnuu.  1860. 
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An  argument  for  the  great  antiquity  of  the  grvni  of  Millard 
Hill,  at  Salisbury,  with  its  imbedded  implements,  has  be^i  justiy 
based  on  the  circumstance  that  since  it  was  deposited  the  valley  of 
the  Avon  has  been  deepened  some  80  feet,  and  that  after  by  far  the 
greater  part  of  this  deepening  had  been  accomplished,  the  Ifammoth* 
Rhinoceros,  lion.  Hyena,  Marmot,  Lemming,  Ac  left  their  remaina 
in  the  Fisherton  beds.  The  same  line  of  reasoning  shows  the  far 
greater  antiquity  of  the  grayel  on  the  higher  plains  of  the  New 
Forest,  of  that  on  both  sides  of  the  Itchen,  near  Southampton,  %ad 
near  Newport,  in  the  Isle  of  Wight,  more  than  250  feet  above  nei^^ 
bouring  yalley-gravels  containing  EkpTuu  primigenitUj  &c. 

(c)  But  if  the  great  height  attained  by  the  gravel-covered  plaina 
is  evidence  of  an  antiquity  far  greater  than  that  of  the  Milfbrd  Hill, 
and  other  high-level  valley-gravels,  the  uniform  surfaoe  of  the 
tableland  points  to  a  continuance  oi  similar  conditions  from  the 
time  of  deposit  of  the  highest  gravels  down  to  that  of  the  gravel 
containing  flint  implements  at  Bournemouth,  Lymington,  Hill  Hea^ 
jto.  What  these  conditions  were  is  open  to  question ;  there  are  no 
organic  remains  by  which  to  decide  whether  the  gravel  covering 
these  wide  plains  is  an  extension  of  the  gravels  of  the  neighbouring 
rivers,  or  a  marine  deposit,  like  that  covering  the  southern  part  of 
Sussex. 

It  has  already  been  pointed  out  that,  probably  down  to  the  time  of 
the  low-level  vaUey-gravels,  the  Isle  of  Wight  was  connected  witb 
the  mainland,  and  a  river,  comprising  in  its  drainage-area  the  baaini 
of  the  rivers  now  reaching  the  sea  at  Poole,  at  Christohureh,  and  by 
Southampton  Water,  flowed  by  Spithead  to  the  sea.  Fig.  11  is  ^ 
map  of  the  catchment  basins  of  the  rivers  in  question*.  The  ana 
drained  by  aU  the  rivers  entering  the  sea  from  Poole  to  Portsmouth, 
together  with  the  Isle  of  Wight,  and  Christohureh  and  Poole  Bays, 
out  to  the  10-fathom  line,  is  2750  square  miles,  equal  to  |  the  area  of 
the  basin  of  the  Thames  above  Hampton.  Of  this  area,  666  square 
miles,  or  nearly  |,  is  comprised  in  the  basin  of  the  Avon,  544  squai^ 
miles  in  that  of  the  Test,  and  479  in  that  of  the  Stour;  while  only  33) 
square  miles,  or  less  than  |,  is  drained  by  the  rivers  entering  Poole 
Harbour.  The  hydrographical  area  of  the  old  river  appears  there* 
fore  to  have  been  comparatively  small,  and  but  little  augmented  by 
the  western  river-basins.  Within  it,  however,  lie  the  large  gravolv 
covered  surfaces  which  have  been  described.  Of  tiiese  the  Newr 
Forest  tableland  alone  slopes  in  the  direction  of  the  principal  lines  of 
drainage ;  it  occupies  the  watershed  between  flie  Avon  andthe  Tea^ 
and  fttUs  in  the  direction  of  their  flow  at  the  rate  of  from  18  to  84  feet 
per  mile.  The  tableland  on  the  east  of  Southampton  Water  slopes  at 
the  rate  of  from  30  to  120  feet  per  mile  towards  the  water,  and  the 
Isle  of  Wight  tableland  at  from  30  to  40  feet  per  mile  northward. 
The  flattest  of  these  inclinations,  that  of  the  New-^Forest  tablalaiidy 
is,  for  the  course  of  a  river,  very  great,  and  such  as  only  mountain* 

*  Beduoed  from  the  Map  to  aooompany  the  Beport  on  Sabnon-Kfthsriei, 
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■tieanui  have  ^.  It  is  difficult  to  conceive  that  a  river  flowing  with 
the  velocity  due  to  such  a  fall  could  have  spread  out  the  gravel  over 
these  wide  even  surfaces  more  than  20  miles  across ;  and  the  various 
diieotions  in  which  the  tahlelands  slope  forbid  the  supposition  that 
any  part  of  the  present  inclination  is  owing  to  a  subsequent  tilting 
op  of  the  land. 

It  is  perhaps  a  more  probable  hypothesis  that  the  spreading  out  of 
the  gravel  and  the  levelling  of  the  plains  took  place  in  an  inlet  shut 
in  on  the  south  by  high  land  and  opening  out  to  the  eastward.  If 
this  were  the  case,  the  land  at  the  time  of  the  deposition  of  the 
highest  gravels  now  remaining  must  have  stood  420  feet  lower }  and 
thu  may  have  been  in  some  degree  contemporaneous  with  the  great 
depression  of  the  Boulder-day  epoch.  A  deposit  thus  formed  of  ma- 
terials brought  down  from  the  chalk  counti^  on  all  sides  would  be 
entirely  local  in  character  1  but  the  apparent  absence  of  indications 
of  glacial  conditions  in  the  gravel,  except  at  levels  so  low  as  to  cor- 
respond with  valley-gravels,  is  not  easy  of  explanation. 

(d)  The  raised  shingle  of  the  Foreland,  the  marine  gravel  of  i^e 
south  of  Sussex,  and  the  beach-deposits  with  sea  shells  at  Avisfbrd 
snd  Waterbeach  are  evidences  that  at  a  time  geologically  recent  the 
land  stood  80  or  100  feet  lower.  Flint  implements,  however,  are 
found  imbedded  in  gravel  120  feet  above  the  sea  on  the  Bourne- 
mouth cUffs,  and  150  feet  above  the  sea  on  Southampton  Common ; 
and  an  hypothesis  which  assumes  that  man  existed  when  gravels, 
now  120  and  150  fleet  above  the  sea,  were  forming  at  or  below 
the  sea-level  may  be  on  that  account  alone  considered  qs  untenable. 
But  flint  implements  are  found  at  Menchecourt  associated  with  marine 
fhella  at  40  fset  above  the  sea,  and  at  the  Foreland  under  oironm- 
stanoes  which  seem  to  show  that  an  elevation  of  land  to  the  extent 
of  from  70  or  80  feet  has  taken  place  since  man's  appearance ;  and 
when  it  is  considered  what  an  enormous  amount  of  change  has  taken 
place  at  Salisbury  and  elsewhere  since  the  high-level  gravels  oon^ 
taining  flint  implements  were  deposited,  and  what  a  vast  amount  of 
time  such  changes  imply,  it  does  not  appear  to  be  incredible  that 
the  upheaval  should  have  been  so  much  as  150  feet. 

A  considerable  alteration  in  the  coast-line  must  also  have  taken 
place.  Land  must  have  existed  to  the  south  of  an  inlet  such  as  that 
supposed,  of  which  the  Isle  of  Wight  is  but  the  shadow.  Denudation 
of  f^e  surface  by  subaerial  action,  and  of  the  coast  by  the  sea,  must 
have  gone  on  pari  passu  with  upheaval  ever  since  the  high  plains 
were  first  raised  above  the  sea-level.  Ab  the  land  gradually  rose, 
the  effect  would  have  been  to  contract  the  inlet  and  bring  it  into 
the  condition  of  an  estuary  branching  into  the  Solent  and  South- 
ampton Water.    Of  these,  the  latter  remains  an  estuary,  while  the 

*  PUl  of  the  Rhine.  Souroe  to  Dissentis 60  feet  per  mile, 

„  Dissentis  to  Constanoe 16         „ 

I,         Bhone.  Souroe  to  Brieg ,  62        „ 

„  Brieg  to  Lake  of  Genera 10        „ 

»       •  Cly4e.  Sooroe  to  lAnark ,20 
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Solent  has  become  an  ann  of  the  sea  by  the  seyeianoe  of  tbe.Iale  of 
Wight  from  the  mainlancL 

(e)  The  last  moTcment  appears,  however,  to  have  been  one  of  sub- 
sidence. 8abmerged  forests  haye  been  obseired  in  Poole  Harbour, 
off  Bournemouth,  off  Southsea  Castle,  off  Pagham,  and  at  Pods- 
mouth.  Sir  Charles  Lyell  *  adopts  the  conclusion  of  the  Bishop  of 
Gibraltar,  that  the  Bournemouth  forest  was  submerged  bj  the  wip- 
ing out  of  a  sandy  substratom  without  a  general  subsidence  of  the 
land,  and  explains  the  occurrence  of  the  similar  deposits  on  the 
north  side  of  Poole  Harbour  in  the  same  manner.  The  section  at 
Portsmouth,  which  was  described  by  Sir  H.  James  f,  appears,  how- 
ever, to  afford  good  evidence  of  a  downward  movement.  An  old  ter- 
restrial surface  with  rooted  trees  which,  when  living,  must  have  stood 
at  least  30  feet  higher,  was  exposed  in  the  dockyard  in  1847,  and 
has  been  again  brought  to  light,  but  at  a  higher  level,  in  the  works 
for  the  extension  of  the  dockyard  now  in  progress.  The  origin  of 
Poole  Harbour  and  Christchurch  Harbour,  and  of  Portsmouth, 
Langston,  and  Chichester  Harbours,  is  probably  in  a  great  measure 
due  to  this  subsidence,  which,  according  to  Mr.  Godwin- Austen  $, 
there  is  some  reason  to  believe  has  gone  on  till  within  the  last  few 
centuries. 

(/)  The  denudation  which  the  surface  of  the  country  has  under- 
gone since  the  deposition  of  the  gravel  on  the  plains  is  as  remarkable 
for  its  partial  character  as  for  its  extent.  Large  areas  of  the  plains 
at  the  highest  levels  appear  to  have  remained  quite  unchanged,  while 
close  by  deep  valleys  have  been  scooped  out,  and  high  escarpments 
have  been  formed  by  what  cannot  have  been  any  other  than  sub- 
aerial  causes,  and  while  large  tracts  of  land  have  been  gradually 
removed  by  the  action  of  the  sea  on  the  neighbouring  coast-line. 

The  nature  of  the  geological  formation  appears  to  have  had  no 
part  in  influencing  the  destruction  or  the  preservation  of  the  surface. 
Barton  Clay,  Bagshot  Sand,  and  Hcadon  Marls  alike  underlie  the 
gravel  of  the  New-Forest  tableland,  and  have  alike  been  removed 
over  the  area  drained  by  the  tributaries  of  the  Boldre  river,  of  which 
Lyndhurst  is  the  centre.  The  gravel  covering  itself  is  probably  the 
protective  agent,  and  it  may  have  been  thinner  or  more  loamy  where 
the  old  surface  has  been  destroyed. 

Y.   SUMMABT. 

The  chief  points  to  whidi  attention  has  been  called  in  the  fore- 
going paper  are  as  follows: — 

1.  That  the  gravel  plains  of  the  New  Forest  and  the  neighbour- 
hood are  portions  of  a  tableland  rising  slightly  to  the  northward 
and  attaining  an  elevation  of  420  feet ;  and  that  the  remains  of 
similar  tablelands  exist  on  the  east  side  of  Southampton  Water, 


♦  Principles  of  Geologj,  vol.  ii.  p.  530. 
t  Quart  Journ.  Oeol.  Soc  vol.  iii.  p.  249. 
t  Quart  Journ.  Geol.  6oc  vol.  vii.  p.  118. 
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andy  in  a  more  fragmentary  state,  in  the  Isle  of  THght,  ItaTing  a  slope 
greater  and  in  other  directions. 

2.  That  while  the  gravel  covering  these  tablelands  at  the  highest 
levels  is  of  a  far  greater  age  than  the  valley-gravels  of  the  rivers, 
the  gravel  near  Bonmemouti^,  on  Beanlien  Heath,  Titchfield  Common^ 
and  at  similar  levels  appears  to  be  equivalent  in  position  and  age  to 
the  high-level  valley-gravels,  and  also  to  the  beach-deposits  of 
Avisford  and  Waterbeach  containing  marine  shells;  and  that  a 
lower  tract  of  gravel  bordering  on  the  northern  shore  of  the  Solent 
and  Spithead  appears  to  correspond  on  the  one  hand  with  the  low- 
level  valley-gravels  of  the  rivers,  and  on  the  other  with  the  marine 
gravel  covering  the  low  land  of  Selsea. 

3.  That  the  spreading  out  of  the  gravel,  and  the  levelling  of  the 
tablelands,  probably  was  effected  in  an  inlet  of  the  sea  shut  in  on 
the  south  side  by  land  which  connected  the  Isle  of  Wight  with  the 
mainland,  and  opening  to  the  eastward. 

4.  That  a  gradual  upheaval  appears  to  have  gone  on  from  the 
time  of  the  oldest  and  highest  gravels  down  to  the  date  of  the  low- 
level  valley-gravels,  by  which  the  inlet  was  narrowed  into  an 
estuary  which  received  the  waters  of  all  the  rivers  from  Poole  Har- 
bour eastward,  the  Isle  of  Wight  being  still  connected  with  the  main- 
land. 

5.  That  of  this  upheaval  in  its  latter  stages  there  is  evidence  re- 
maining in  the  marine  gravel  of  Sussex,  in  the  raised  shingle  of  the 
Foreland,  and  in  the  beach-deposits  of  Waterbeach  and  Avisford. 

6.  That  the  flint  implements  of  Bournemouth  and  Southampton 
Common  are  from  gravel  covering  tablelands  at  elevations  corre- 
sponding to  the  high-level  valley-gravels,  and  that  the  implements 
from  the  coast  between  Southampton  and  Gosport  are  from  gravel 
corresponding  to  the  low-level  vtdley-gravels. 

7.  That  the  position  of  the  flint  implement  found  above  the 
raised  shingle  of  the  Foreland  appears  to  prove  that  an  upheaval  to 
the  extent  of  70  or  80  feet  has  taken  place  since  its  deposition  in 
the  brick-earth ;  and  that  if  the  origin  of  the  gravel  covering  the 
plains  be  as  above  supposed,  the  flint  implements  of  Bournemouth 
show  that  the  upheaval  has  been  as  much  as  120  feet,  and  the  im- 
plements in  the  gravel  on  Southampton  Common  as  much  as  150 
feet,  since  the  appearance  of  man. 

DESCBIPTION  OF  PLATES  XXXVI.  &  XXXVH. 
Plate  XXXVI. 
Map  of  the  sonth  of  Hampshire  and  the  Isle  of  Wight,  with  ports  of  Sussex 
and  Dorsetshire,  showing  the  principal  grayel-coyered  surfaces.    The 
lines  of  the  Section  are  shown,  and  the  letters  refer  to  corresponding 
letters  on  the  sections,  figs.  1  to  10,  Plate  XXXVII. 

Plate  XXXVH. 

Fig.  1.  Section  across  the  valley  of  the  Avon  and  the  highest  part  of  the  New- 
Forest  tableland,  through  Fordin^bridge,  Hiunpton  Kidge,  and  Black- 
bush  Plain,  with  a  section  branching  at  Hampton  Bidge  and  crossing 
the  yalley  of  the  Avon  at  Breamore. 


Digitized  by 


Google 


0M    .  nHWuvuM  w  CBS  «K>io«OAL  Montr.       [ jQoe  8, 

1%.  2.  6ecli<m  nei»  thft  ormI  between  Pool«  Harboar  sad  Ghrktduircli,  ud 

followiog  the  line  of  strike  of  the  New-Forest  tableknd  to  SonthainptOB 
.  Water  at  Cadland.  The  contihuation  of  this  sectioa  on  Qie  east  Of 
fihmthampton  Water  ie  in  the  direction  of  the  rise  of  tiie  nthn,  fend, 
with  figi.  6  and  7,  eliowi  tha  tlope  of  tlw  tiMekiid  to«ttdi  ftofedi- 
kmpton  Water. 

Fig.  8.  Beetion  iWnn  the  ooaat  half  a  mile  eaat  of  Hif^idiff  to  WiaaktoB  Ytti» 
and  ooniintted  from  a  point  on  the  plain  1  mile  to  the  bu^  Id  HMtf 
Beaeon,  where  a  short  branch  diTergee  to  Ficked  Fost.  9h&  mtit 
aetftion  again  dividee  at  Biatky  Plain,  the  weatwn  liiM  mowM  two 
botboma  to  Leadenhall  and  intereecta  the  noftfaem  esDarpmant  of  the 
Kew-Foreet  tableland,  half  a  mile  weet  of  Bramahaw  O^legnph.  The 
eastern  line  trayersee  Ocknell  Plain  and  Blackbush  Plain,  aaa  cute  tiie 
escarpment  1  mile  west  of  Bramshaw  Church.  This  and  te  tun 
following  sections  are  in  the  direction  (^  ^tfae  rise  of  the  Hew^Forsit 
tableland. 

Fig.  4.  fieotion  along  two  lines  from  Barton  eUlF,  and  from  Hctfdwell  elfff  \o 
WilTerley,  and  tfaenoe  through  low  ground  to  the  tableland  near  Stonqr 
Croaa. 

Fig.  6.  Section  from  the  Solent,  d  miles  east  of  tiymington,  9tnm  Boldre  Heatfi 

^  to  theesoarpment  at  Ladycroas  Lodge,  and  on  to  Ifotlejr  Hm^    Thii 

/  section  shows  the  prolongation  of  the  tableland  down  nearly  to  the 

^  sea-lerel  along  the  Solent,  and  also  the  ooourrence  of  detacfaed  graTsl- 

topped  hills  beyond  the  escarpment. 

Fig.  6.  Section  through  Sonthampton  along  the  Winchester  road  to  CSiandWi 
Ford,  with  a  branoh  oTer  Chilwora  common  to  the  eacarpiaent  iieir  • 
the  "  Tower  of  the  Winds,"  the  highest  point  of  the  tableland  gn  tiw 
east  of  Southampton  Water. 

Fig.  7.  Section  frt)m  the  coast  between  Bninace  and  HiU  Head,  and 

Fig.  8.  Section  from  1|  mile  east  of  flill  Head  northwards,  show  the  rdaliim  Of 
the  grarel  firom  whidi  dint  implements  haTB  been  obtained  wilh  the 
grai^  on  the  hijriier  Uvti  of  Titehfield  Onnmon. 

Fig.  9.  Section  through  Hayling  Island  mnrthwarda  to  a  graTel-ooTered  aorte 
half  a  mile  west  of  Bourne  Common. 

Fig.  10.  Section  throu^  St.  Qeorge*s  I>own  and  Stapler's  Heatii  toOaborae  and 
Korris,  showmg  the  coincidence  of  the  graTel-GSpped  hills  in  the  w 
of  Wight,  with  a  slope  northwards  corresponding  to  the  slope  iimth- 
wards  on  the  mainland. 

Fig.  11.  Map  showing  the  area  of  the  riTer-basins  within  whi<^  liie  pvr^ 
coTcred  tablelands  are  situated. 

Fig.  12.  Section  of  the  grarel  and  brick-earth  deposits  exhibited  In  the  dif  it 
F[>relatid  in  the  Isle  of  Wight 

Fig.  13.  Gomparatire  sections  of  the  Brading  and  CVeshwater  Tallegrs  where 
they  trayerse  the  chalk. 

Fig.  14.  Contorted  grayel  and  brick-eartli  in  a  pit  near  the  railway  at  Anglesea» 
about  17  feet  above  the  mean  sea-leref. 

Fig.  15.  Gravel  in  a  pit  near  the  "Tower  of  the  Winds,"  Chilworth,  80D M 
above  the  mean  sea-level,  where  disturbance  of  the  gravel  appears  to 
have  arisen  from  the  wasting  of  the  beds  beneath.  llie.occuiTeDoe  of 
white  gravel,  separated  from  the  red  by  a  black  carbonaceous  band,  ii 
also  here  seen. 


DiBCITSSrOK. 

The  PRESIDEKT  referred  to  tlie  raised  beach  at  Brighton,  whieh  hs 
had  traced  thence  as  far  as  Chichester.  He  inquired  what  evidence 
there  was  of  the  marine  origin  and  contemporaneitj  of  the  beds 
identified  with  this  beach  by  Mr.  Codrington. . 

Mr.  Whitakeb  noticed  the  occurrenco  of  gravek  Bunflar  to  those 
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deeciibed  by  Mr.  Godrington  on  the  slope  between  Canterbni^  and 
J9erne  Baj  as  indicatiye  of  the  presence  of  a  large  river*  He  agreed 
wi^  the  author  in  considering  that  the  "vrhite  gravel  was  produced 
b J  the  decoloritation  of  the  red ;  and  remarked  that  it  was  unnsual 
io  find  angular  gravels  of  thoroughly  marine  type» 

Kr.  G&  Moofife  remarked  that  the  gravels  and  brick-earths  &om 
Salisbnry  westward  are  all  of  freshwater  origin,  and  contain  the 
remains  of  frogs  in  great  abundance^  together  with  freshwater  shells, 
bones  of  Arincolai  &c. 

gir  CHARLES  Ltbll  was  inclined  to  ascribe  the  formation  of  the 
^vds  described  to  the  sudden  melting  of  snow  in  great  quantitieB. 
He  referred  to  the  presence  of  sarsen-stones  as  indicating  that  there 
•fnA  force  enough  to  carry  latge  massesi 

Pro!  Eambat  referred  to  Ihe  great  denudation  of  Eocene  strata 
Vhich  must  have  taken  place  before  the  present  form  of  the  land 
was  produced,  as  implying  an  immense  amount  of  river-action,  the 
immediate  results  o^  which  are  now  masked  by  the  modifications 
produced  by  subsequent  subaerial  changes  of  more  limited  extent. 
He  maintained  that  the  finding  of  fiint  implements  at  various  eleva^ 
laons  only  rarely  famished  direct  evidence  oi  change  in  the  relative 
level  of  sea  and  land* 

Mr^  CoDBDroToK)  in  reply,  stated  that  the  gravels  were  not  veJley- 
gravels  such  as  those  mentioned  by  Mr^  Moore.  He  did  not  see  how 
glacial  action  could  have  spread  the  gravdbs  over  fiat  tablelands. 


S.  On  the  BBtATiVE  Positiok  of  the  Fosest-bbd  and  the  Chil- 
UBBFOBD  Clat  in  NoBFOLK  and  SuFFoxJc,  and  on  the  bbal  Foshtok 
of  the  FoBBST-BEn.    By  the  Bev.  Johf  QuirB,  M .A.,  F.G.S. 

At  a  l&elsting  of  the  Geological  Society,  held  Hay  20th,  1868, 1 
stated,  in  opposition  to  the  view  entertained  by  Mr.  Prestwidi  of 
the  Foreet-bed  being  placed  above  the  Chillesford  clay,  that  I  had 
seen  it  at  Fasten  Bavent,  in  Suffolk,  upon  the  beach,  at  a  lower 
level  than  the  Chillesford  clay  in  the  diff,  and  also  that  I  had  seen 
it  at  Kessingland  and  Pakefield,  on  the  beach  and  at  the  foot  of  the 
diff,  underlying  the  Chillesford  day. 

I  have  visited  these  places  several  times  since ;  and  a  fall  of  the 
difb  and  the  partial  dearing  away  of  the  beach  at  Kessingland 
hare  exposed  the  strata  in  the  following  ascending  order: — The 
Forest-bed  on  the  beach ;  the  freshwater  Unio-bed>  similar  to  those 
at  Mtindedey  and  Bunton ;  the  Fluvio-marine  bed ;  the  Marine 
(induding  the  Chillesford  clay,  both  the  blue-laminated  below  and 
the  brown-laminated  above) ;  the  sands  and  gravels  which  contain 
the  TdUna  halthtca  crag  at  Wroxham  Weyboume ;  and  the  Glacial 
eeries,  which,  as  it  does  not  enter  into  the  present  inquiry,  I  have 
notparticularized. 

The  Forest-bed  at  ICessingland  and  the  a^'oining  parish  of  ]Pek#- 
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field  u  one  of  the  richest  depdts  of  Elephantine  and  Cervine  to- 
mains,  and  also  of  the  Bhinoeeros  etruaeus  * ;  and,  judging  from  its 
position  on  the  same  horizon,  and  from  its  minend  and  fossil  con- 
tents, it  can  scarcely  be  doubted  that  it  is  an  extension  or  contuma- 
tion  of  the  Bacton  and  Mondesley  Forest-bed. 

The  Chillesford  clay  here  and  in  a  gorge  between  Kesnngland  and 
Pakefield,  a  few  yards  inland,  is  well  developed.  As  If r.  Prestwich 
admits  the  presence  of  the  Chillesford  clay  at  Kessingland,  and  the 
Forest-bed  is  to  be  seen  there  on  the  beach  beneath  it,  it  is  mme- 
cessary  for  me  to  add  more  in  support  of  my  statement ;  but  I  am 
desirous  to  submit  to  the  Geological  Society  some  observations  and 
suggestions  with  respect  to  the  real  position  of  the  Forest-bed. 

In  order  to  ascertain  the  true  position  of  the  Forest-bed,  it  is 
requisite  to  have  an  insight  into  its  rery  complex  nature.  The  soil 
of  the  Forest-bed  appears  to  consist  of  an  argillaceous  sand  and 
gravel,  or  a  compound  of  both,  and  to  have  been  deposited  in  an 
estuary.  Bones  of  Elephas  meridionalisy  together  with  a  great 
variety  of  deer  and  other  mammals,  sharply  fractured,  but  not 
rolled,  are  found  in  it,  especially  in  tiie  gravel,  which  is  called  the 
«* Elephant-bed"  on  that  account.  These  are  associated  with  the 
bones  of  whales  and  fragments  of  wood,  indicating  that  the  estuajy 
was  open  to  the  sea,  most  probably  northwards,  for  the  admission  of 
the  whales ;  while  it  appears  to  have  been  closed  at  the  Straits  of 
Borer  and  Calais,  to  afford  a  passage  for  the  mammals  into  this 
country. 

This  deposit  of  the  soil  may  be  r^arded  as  the  first  phase  of  tiie 
Forest-bed ;  and  here,  we  may  observe,  a  long  interved  may  have 
intervened  between  this  and  the  second  phase,  which  dates  from  the 
raising  of  the  soU  to  the  surface  of  the  waters  and  the  growth  of  the 
forest  upon  it.  In  this  the  remains  of  the  E.  antiquus  are  most 
abundant ;  other  varieties  of  the  elephant  are  found  here,  whidi  it 
is  unnecessary  for  the  subject  of  the  present  inquiry  to  particularize, 
together  with  Bhinoeeros  etruscus  and  Trogontherium  Cuvieri,  This 
may  be  regarded  as  the  true  Forest-bed ;  the  stools  of  the  trees 
belonging  to  it  are  visible  along  the  coast  at  various  plaoes  troai 
Kessingland  to  Cromer. 

The  third  phase  commences  with  the  gradual  going  down  and 
submergence  of  the  Forest-bed  on  the  gathering  of  waters  upon  it. 
First  freshwater,  then  fluvio-marine,  and  lastly  marine  beds  (in- 
cluding the  Chillesford  clay)  were  successively  deposited,  and  con- 
tain their  respective  faunas.  A  fourth  phase  might  be  added,  whidi 
consists  in  the  continuance  of  the  undulating  ridges  of  the  Forest- 
bed  above  water  after  the  deposit  of  the  freshwater  and  fluvio-marine 
beds.  This  may  be  observed  at  Kessingland  and  Happisburgh.  At 
the  latter  place  the  bones  of  a  goat,  or  some  ovine  animal,  were 
found,  together  with  hazel-nutsf. 

*  A  specimen  described  by  Mr.  Boyd  Dawkins  (Proceedings  of  the  Geological 
Society,  Jan.  8, 1868)  was  obtained  at  Pakefield. 

t  A  fuller  description  iras  giyen  in  a  paper  entitled  *The  Anglo-Belgian 
Basin/  read  at  the  Meeting  of  the  British  Association  at  Nottingham. 
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From  this  brief  description  it  is  obrious  that  the  tenn  ^^  Forest- 
1)ed"  is  inadequate  to  express  so  varied  a  fonnation,  which,  judging 
by  its  changes  of  leyel  and  of  its  fauna,  must  have  continued  a  very 
long  time ;  and  I  b^  to  suggest  that  the  <'  Forest-bed  series  *'  would 
be  a  better  name.  The  want  of  proper  divisions  has  led  to  many 
complications,  especially  in  the  palaeontological  department. 

It  might  be  supposed  that  it  would  be  easy  to  ascertain  the  posi- 
tion of  a  bed  of  such  duration  and  extent ;  but  such  is  far  from  being 
the  case.  It  has  a  nearly  uniform  horizon  on  the  level  of  the  water, 
and  every  attempt  to  reach  the  bottom  of  it  has  been  foiled  by  the 
water  rising. 

It  is  evident  that  it  must  lie  between  the  Chalk,  or  London  day, 
below  and  the  Chillesford  clay  above.  In  the  inland  section  the  only 
two  intervening  beds  are  the  supposed  Mammaliferous  crag  of  Mr. 
Charlesworth  and  the  Marine  crag,  which  may  be  seen  to  advantage 
at  Bramerton  and  Thorpe.  Between  these  two  beds  there  does  not 
appear  to  be  any  break  for  the  intercalation  of  the  Forest-bed 
series;  for  they  are  deposited  in  succession  upon  each  other  in 
increasin^y  deeper  water.  The  Mammaliferous  crag  was  supposed 
to  contain  the  Mastodon  arvementis,  and  has  therefore  been  re- 
garded as  older  than  the  Forest-bed,  which  has  not  been  known  to 
yield  the  Mastodon.  Where,  then,  can  the  Forest-bed  be  placed  in 
the  inland  section,  either  in  point  of  time  or  of  superposition  ? 

I  beg  to  suggest  the  following  solution.  All  the  specimens  of 
Mastodon  arvemensis,  so  feu:  as  I  can  ascertain,  have  been  found,  to- 
gether with  EUpTuts  meridionalis  and  several  species  of  Cervus,  in  a 
stony  bed,  one  or  two  feet  thick,  between  the  surface  of  the  chalk  and 
the  Fluvio-marine  and  Marine  Crags ;  and,  consequently,  those  crags, 
with  the  exception  of  a  few  water- worn  fragments  and  the  teeth  of 
ArvieolcB,  are  nearly  non-mammaliferous.  It  seems  probable,  there- 
fore, that  Tiere  may  be  a  break  for  the  intercalation  of  the  Forest-bed, 
and  that  the  Fluvio-marine  and  Marine  Crags  ought  to  be  detached 
from  this  stony  bed,  with  which  they  have  hitherto  been  incorporated 
under  the  name  of  Mammaliferous  crag.  The  stones  appear  to  be 
derived  from  the  disintegrated  chalk,  which  is  worn  down  both  by 
the  chemical  and  mechanical  action  of  water. 

Beference  to  the  accompanying  diagram  (p.  554)  may  make  this  more 
intelligible.  The  chalk  presents  an  inclined  plane,  upon  which  the 
beds  from  the  London  clay  upwards  have  been  deposited  in  succes- 
sion* It  is  evident,  therefore,  that  the  chalk  (or  portions  of  it) 
was  subaerial  until  covered  by  each  successive  deposit,  viz. — 
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Freshwater  bed. 
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,f    ty        „       Marine. 

Thus  there  was  left  a  land  surface  upon  the  chalk  from  time  to  time, 
on  which  the  mammals  of  successive  periods  may  have  lived;  Con- 
sequently Mastodon  arvemensis  might  have  lived  and  died  upon  that 
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portton  of  iti  sorface  whidi  waa  aftenmrdfl  ooeapied  by  the  fluTio- 
nuffuie  and  the  ICarine  crags ;  and  the  beds  are  placed  in  such  close 
pTOziiiiity  that,  notwithstanding  the  long  period  of  time  that  may 
hare  intervened,  it  is  difficult  to  separate  them,  especially  as  the 
erag-shells  are  laid  npon  and  mingled  with  the  atony  bed. 

Coast  Section.  Inland  Section. 

MundeeUy^  20  tnUes  to Norwich. 

Bactony        18     do do. 


^        Lower  Boolder-dsy. 

1 


: H  

FebbljB«di.  •  "    2^^**«  *«'<**«»  Crag-  : 


JUIma  ftottUM  Cn^.  "  %    duUeiford  Clay. 


B  ChillflrfbvdOUy. 
I  MarineCng. 


Plnno-liariBe. 


Firaih  Water. 


Wa*er 


Oialk. 


The  highly  mineralized  and  decayed  condition  of  the  bones  and 
teeth  indicates  long  exposure  to  the  atmosphere ;  and,  together  with 
the  disintegration  and  wearing  down  of  the  chalk  by  plnyial  and 
atmospheric  action,  may  account  for  their  not  being  found  in  the 
upper  part  of  the  chalk  hills.  An  act  of  justice  may  still  be  done  to 
the  memory  of  the  illustrious  Cuvier,  who  expressed  his  utter  incre- 
dulity when  the  Mastodon's  tooth  found  at  Whittingham,  near 
Norwich,  by  the  father  of  English  geology,  was  shown  to  him,  and 
he  was  assured  that  it  came  from  the  Norwich  crag.  He  affirmed 
that  it  was  next  to  impossible ;  and  the  result  of  the  aboye  obaerra- 
tions  tends  to  prove  that  Cuvier  was  correct  in  his  opinion  that  the 
Mastodon  belonged  to  an  older  deposit. 

A  break  is  here  established  between  the  stony  bed  whidh  oon*- 
tains  the  Mastodon  and  the  iluvio-marine  which  containa  no 
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proboscidean  remams,  and  an  openiiig  is  made  for  the  Eorest-bed 
between  them. 

It  might  be  supposed  to  be  easy  to  trace  the  Flavio-marine  Crag 
to  the  coast-section,  and  so  to  proye  whether  it  dips  beneath  the 
Forest-bed  or  whether  it  overlies  it  and  is  identical  with  the 
Fluyio-manne  of  the  coast-saction ;  but  much  difficulty  arises  from. 
the  Flnvlo-marine  crag  inland  being  cut  off  a^d  intercepted  by  thei 
valleys  of  the  Bure  and  of  the  Wensum,  and  several  of  their  tribu- 
taries :  and  this  difficulty  appears  to  be  increased  by  a  slight  up- 
heaval of  the  chalk  to  the  west  of  those  rivers.  This  may  be  seen 
by  the  elevation  of  the  Chillesford  clay  at  Bramerton  about  15  feet 
above  its  level  at  the  Brundall  Station ;  and  the  same  may  be  noticed 
at  Horstead  and  Wroxham,  on  the  west  side  of  the  Bure,  and  at 
Hoveton  8t  John,  on  the  east  side. 

On  full  consideration,  I  am  inclined  to  the  opinion  that  the 
Fluvio-marine  and  the  Marine  crags  of  the  inland  section  are  iden- 
tical with  those  on  the  coast.  The  freshwater  beds  in  the  coast- 
section,  Vhich  are  absent  inland,  impress  me  with  the  correctness 
of  this  view  of  the  case,  because  they  seem  to  have  been  laid  down 
at  a  lower  level  on  the  first  going  down  of  the  Forest-bed ;  and  then, 
when  the  level  was  obtained,  the  Fluvio-marine  beds  were  spread 
over  the  freshwater  beds  and  over  the  extended  area  of  the  chalk, 
which  was  covered  with  the  bed  of  stones ;  and  then,  in  like  manner, 
the  Marine  beds  were  laid  down,  including  the  Chillesford  clay, 
which  is  admitted  to  be  the  same  in  both  sections. 

The  correspondence  and  junction  of  the  several  beds  at  both  ex- 
tremities of  tiie  Forest-bed  are  abnost  conclusive  in  favour  of  their 
identity. 

On  the  other  hand,  the  greater  variety  and  quantity  of  mollusks 
in  the  Fluvio-marine  and  Marine  crags  of  the  inland  sections  may  be 
regarded  as  evidence  against  their  identity ;  but  such  an  acoumula- 
tion  of  shells  may  be  expected  near  the  strike  of  the  beds,  where 
the  water  was  more  shallow  than  at  a  distance  from  the  margin  of 
^e  chalk  *, 

I  trust  that  the  above  observations  respecting  the  stony  bed 
upon  the  chalk,  if  not  conclusive,  may  prove  of  service  in  deter- 
mining the  relative  ages  and  positions  of  the  Forest-  and  other  beds. 

DlSCFSSIOK. 

Sir  Chabuk  Lticxj*  considered  tiie  Forest-bed  to  be  newer  than 
flie  stony  bed. 

Mr.  QvKjr  remarked  that  at  Easiton  Bavent  the  Chillesford  Clay 
is  in  the  diff,  and  the  Forest-bed  in  the  beach  beneath  it.  He  re- 
lerred  to  various  instances  of  the  occurrence  of  mammalian  remains 
on  the  coast  beneath  the  Chillesford  Clay,  whereas  he  had  never 
found  any  above  it. 

*  A  fEesh  oomplioation  haa  ariaen  from  the  diaooyei^  of  the  TeUina  balthica 
in  great  abundance  near  Sherrinffham,  beneath  the  Chiileaford  clay,  and  aa  low 
M  the  atony  bed;  but  tim  introduotion  of  theae  ahella  may  be  attributed  to 
aortbffly  owgrcpit^  gi  wftter. 
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3.  On  a  new  Labteihthodobt  Amphibiak  from  the  MAeirBsiAK  Lno- 

noHB  of  MiDDiouBOB,  DuBHAX.      By  Albaitt  Hakoock,  £sq^ 

F.L.S.,  and  Richabd  Howbb,  Esq. 

(Commiuucated  by  Prof.  Huxley,  F JLS.,  F.a.S.} 
[Flats  XXXYIH.] 
AjfOKG  the  important  additions  to  the  fSEtnna  of  the  Permian  rocks 
of  Durham  made  by  Joseph  Duff,  Esq.,  last  autumn,  not  the  least 
interesting,  perhaps,  maybe  reckoned  the  remains  of  a  Labyrin- 
thodont  haying  numerous  finely  striated,  rhombiform  scut^  or 
scales,  resembling  in  shape  those  of  some  (Ganoid  fishes,  though  very 
superior  in  size.  These  remains  were  found  at  the  Midderidge 
quarry  (a  portion  of  which  has  recently  heen  removed  for  the  purpose 
of  widening  the  Darlington  and  Wear-valley  Kailway),  in  a  bed  of 
yellow  marly  limestone  7  or  8  feet  above  the  marl-slate  properly  so 
called.  The  section  at  this  quarry  is  thus  described  by  Prof.  Sedg- 
wick, Geol.  Trans,  ser.  ii.  vol.  iii.  p.  76 : — 

<*  1.  Bed  of  light-coloured  siliceous  s&ndstone,  worked  as*  a  coarse 
flagstone  and  also  as  a  building-stone.  The  upper  beds  alternate  with 
blue-coloured  calcareous  shale.  At  East  Thickley  they  are  about 
30  feet  thick. 

"  2.  Tellow-coloured  calcareous  shale  and  shale-slate,  in  thick- 
ness about  9  feet.  Some  of  these  beds  are  incoherent  and  sandy ; 
the  marl-slate  forms  a  series  of  indurated  bands,  which  divide  the 
more  incoherent  shale. 

"  3.  A  series  of  thin  beds  with  marly  partings  ;  the  whole  about 
20  feet  thick.  The  average  thickness  of  the  several  beds  is  not  more 
than  a  few  inches;  their  surfaces  are  often  covered  with  yellow 
marl ;  at  their  natcural  partings  they  are  generally  covered  with  den- 
dritical  impressions,"  etc. 

In  the  above  section.  No.  1  represents  the  uppermost  member  of 
the  Coal-measures,  which  in  this  part  of  Durham  have  been  much 
disturbed  and  denuded  prior  to  the  deposition  of  the  Marl-slate.  It 
must  be  mentioned  that  in  this  quarry  and  in  the  south  of  Durham 
there  is  no  bed  of  **  yellow  incoherent  sand,"  a  bed  which  forms  an 
important  item  in  the  section  a  few  miles  further  nortii  and  in  the 
north  of  Durham  generally. 

The  Marl-slate  proper  equals  the  lower  portion  of  No.  2  of  Prof. 
Sedgwick's  section.  When  closely  examined,  it  can  be  distinctly 
separated  from  the  marly  limestone,  into  which  it  gradually  passes 
upwards.  And  it  is  more  emphatically  distinguished  by  the  fossils  it 
contains  ;  for,  though  a  few  stray  fishes  are  now  and  then  found  in 
the  calcareous  beds  above,  yet  this  lowest  part  is  the  depositary  for 
the  numerous  fish-  and  plant-remains  which  characterize  tiie  Permian 
rocks.  It  is,  then,  in  the  middle,  or  nearly  so,  of  this  yard  of  Marl- 
slate  that  Mr.  Duff  has  found  the  remains  of  the  Doryptena  Hojf- 
mannif  Germar,  and  also  the  remains  of  two  species  of  reptiles,  vix. 
Proterosaums  Speruriy  H.  v.  Meyer,  and  FMerosaurus  Huxleuij 
nov.  spec.,  descriptions  of  which  have  been  communicated  to  tiie 
Geological  Society.    Associated  with  these  occurred  numerous  re- 
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mains  of  the  fbhes  which  have  been  so  long  well  known,  and  frag- 
ments of  plants,  a  few  of  which  are  new  to  England,  thongh  most 
of  them  have  been  described  from  the  Kupferschiefer  of  Germany. 
The  MoUosoa  observed  by  Mr.  Dnff  consist  of  fragments  of  NatUilvs 
Freieslebeni,  Schloth.,  specimens  of  Disdna  nitida,  Phil.,  Lingula 
fnytUmdes,  Sow.,  and  Myalina  Hausmanrdj  Goldf.  Of  these  shells, 
only  a  few  imperfect  specimens  occurred.  The  appearances  pre- 
sented by  the  whole  of  the  fossils  entombed  in  this  Marl-slate 
aeem  to  lead  to  the  condnsion  that  this  deposit  was  formed  in  a 
very  quiet  estuary,  into  which  the  land  reptUes  and  the  freshwater 
Qanoids  and  the  remains  of  coniferous  plants  were  brought,  to  be 
intermixed  with  other  exuvisB,  such  as  the  shells  of  Nautili,  Bis- 
dnoBy  and  Lingtdce,  which  are  undoubtedly  of  marine  origin. 

The  Marl-date  at  this  spot  appears  to  be  perfectly  unconformable. 
to  the  Coal-measures  No.  1  of  the  above  section.  But  between  it 
and  this  sandstone  there  is  an  accumulation  of  yeUow  unctuous  day, 
about  2  feet  thick,  which  has  not  the  appearance  of  an  original 
deposit,  but  appears  to  have  been  formed  partly  by  the  destruction 
of  the  lower  part  of  the  Marl-slate,  and  partiy  by  the  infiltration  of 
water  carrying  in  clayey  partides  through  the  extensive  fissures 
which  abound  in  the  superincumbent  limestone.  Upwards  the  Marl- 
slate  gradually  passes,  becoming  more  calcareous  according  to  its 
height,  into  the  thin-bedded  compact  limestone  No.  3  of  Prof.  Sedg- 
wick's section.  It  is  in  these  transition  beds,  at  about  7  feet  above 
the  Marl-date  proper,  that  our  new  Labyrinthodont  was  found.  The 
beds  of  this  portion  are  much  thicker  than  in  the  compact  limestone 
above,  and  more  marly,  and  contain  here  and  there  small  accumula- 
tions of  gritty  materials  surrounded  by  hard  coiypact  limestone. 
The  amphibian  itself  seems  to  have  been  imbedded  in  a  very  compact 
nodulous  mass  of  one  of  these  beds,  and  was  fortunatdy  brought  to 
light  by  the  splitting  of  the  stone  right  through  the  central  portion  of 
the  bed.  In  this  part  of  the  series  at  this  quarry  the  only  other  fossil 
remains  found  were  a  few  Linguias  and  fragments  of  a  Polyzoan ;  but 
in  a  neighbouring  quarry  the  beds  on  this  horizon  contain  numerous 
remains  of  the  well-known  Permian  moUusca.  Although  found  in 
this  higher  portion  of  the  series,  we  imagine  there  will  be  no  diffi- 
culty in  inferring  that  the  remains  of  this  creature  were  carried  from 
its  freshwater  haunts  to  be  imbedded  in  a  deposit  whidi  was  fast 
putting  on  a  marine  aspect.  

The  specimen  of  this  new  and  interesting  form  (PL  XXXVllI. 
Hg.  1),  for  which  we  propose  the  name  of  Lepidotosaurus  Duffiiy  is 
unfortunately  in  a  bad  state  of  preservation,  owing  partiy  to  the  crys- 
talline condition  of  the  matrix,  and  partiy  to  the  peculiar  state  of  the 
bones,  some  of  which  look  as  if  they  were  composed  of  dark  grey  car- 
bonate of  lime,  while  certain  parts  of  them  have  a  burnt  appearance, 
and  are  reduced  to  a  biittie,  white,  flaky,  chalk-like  substcuQce,  conspi- 
cuously displaying  the  concentric  layers  of  growth.  The  fossil  lies  on 
its  side,  and  is  seen  in  verticd  section,  part  of  the  bones  being  on  one 
dab  and  part  on  the  counter  slab.  The  backbone  (a,  a,  a')  is  split 
open  longitudinally,  there  having  been  a  naturd  division  through  this 
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part.  The  ribs  (e,  e,  e)  are  divided  in  the  teme  directioli ;  but  thej 
tot  the  most  part  are  torn  asunder,  as  the  division  has  not  extended 
mnch  beyond  the  backbone.  The  same  may  be  said  of  the  head  (b,  e,  d), 
which  lies  split  open  horizontally  below  the  ventral  mai^gin  of  tiie  ani- 
mal. The  neck  {a')  is  curled  round  in  front  of  the  anterior  end  of  the 
body  in  the  direction  of  the  head,  which  lies  in  a  reversed  positi<Hiiy  as 
we  have  just  seen,  below  the  trunk,  which  to  some  little  extent  over- 
laps it.  The  tail  or  posterior  end  of  the  spine  seems  to  have  been 
turned  round  the  hinder  extremity  towards  the  same  r^on,  but  none 
of  itsbones  are  present ;  only  an  indistinct  depression  indicates  the  fact. 

As  the  body  lies  thus  curled  up,  it  measures  15  inches  in  length ; 
and  in  width,  from  the  backbone  to  the  distal  extremity  of  the  ribs, 
8  inches.  The  length  of  the  specimen,  including  the  head  if  stretched 
out,  would  be  about  35  inches. 

The  course  of  the  backbone  is  obvious  enough,  running  alo^g  the 
dorsal  margin,  turning  round  in  front  of  the  body,  and  curving  back- 
wards in  the  direction  of  the  occipital  region  of  the  skuU ;  but^  un- 
fortunately, at  this  point  the  slab  is  broken  away  for  upwards  of 
2  inches,  separating  by  that  space  the  head  from  the  spine.  The 
vertebral  column  (a),  as  seen  in  longitudinal  section,  is  about  an  inch 
and  one-eighth  wide  ;  but  it  is  quite  impossible  to  make  out  any  of 
the  characters  of  the  vertebrae,  or  even  to  determine  their  dimen- 
uons  with  the  necessary  precision.  All  that  can  be  said  on  this 
point  is  that,  from  the  assumed  extent  of  four  consecutive  vertebr», 
the  length  of  a  single  vertebra  may  be  estimated  at  about  seven*^ 
eighths  of  an  inch.  This  difficulty  arises  partly  from  the  crystalline 
condition  of  the  whole  line  of  the  vertebrsB,  and  partly  from  the 
fact  that  the  wHkle  of  the  bone  is  broken  up  and  partially  redioved^ 
little  else  than  cellular  or  flaky  matter  remaining,  all  boundaries 
determining  the  forms  of  the  parts  having  disappeared. 

There  is,  however,  one  feature  of  the  vertebral  column  whidi 
(iannot  pass  unnoticed.  The  neck  (a')  seems  to  have  l)een  remarkaMy 
long  for  a  Labyrinthodont.  From  the  length  of  the  ribs,  the  body 
must  undoubtedly  have  been  of  considerable  depth ;  and  unless  the 
neck  had  been  long,  it  is  evident  that  the  head,  if  attached  to  the 
trunk,  as  it  appears  to  have  been  when  deposited,  could  not  have 
assumed  the  position  in  which  it  is  placed  immediatdy  below  and 
parallel  to  the  belly.  But  it  is  impossible  to  determine  the  exact 
length  of  this  portion  of  the  column,  as  we  cannot  be  sure  how 
knany  of  the  anterior  ribs  are  wanting. 

The  ribs  (e, «,  e)  are  arranged  in  regular  order,  inclining  from  before 
backwards ;  but  have  been  apparently  torn  bodily  from  their  spinal 
attachment  by  pressure  after  deposition,  and  now  their  proximal  extre>- 
mities  are  removed  about  an  inch  and  a  quarter  from  the  column, 
the  whole  having  been  afterwards  pushed  downwards.  Twenty-on^ 
are  distinctly  displayed  in  parallel  order,  about  a  quarter  of  an  inek 
apart  from  each  other  in  front ;  but  the  space  dividing  the  posterHH* 
ones  is  somewhat  greater.  They  are  inclined  diagonally  from  the 
front  in  slightly  arched  curves,  the  concavity  being  forward ;  and 
traces  of  eight  or  ten  more  can  be  determined,  so  that  in  all  there 
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bftTe  been  about  thirty  ribs.  In  front,  too,  there  are  indistixict  im- 
preBfiions  of  one  or  two  more ;  but  whether  or  not  these  tenninate 
Idle  series  in  this  direction,  it  i3  impossible  to  say. 

The  laffgest  ribs,  which  are  near  the  centre,  are  6|  inches  ia 
length,  following  the  curve,  and  the  shaft  is  one  quarter  of  an  inch 
tiUck;  they  taper  slightly  towards  the  distal  extremity,  and  do  not 
exhibit  the  longitadinal  groove  or  depression  usually  observed  in  the 
ribs  of  Labyrinthodonts,  neither  are  they  apparently  depressed  ia 
Uie  usual  manner.  The  proximal  extremities  are  crushed  and 
Iwoken,  but  are  widened  a  little,  indicating  a  double  articular  sur^ 
&ce ;  these  extremities  are,  however,  too  imperfect  to  warrant  any 
confident  assertion  of  the  fact. 

The  greater  number  of  the  ribs  have  a  crystaJline  appearance,  as 
if  composed  of  a  dark  grey  carbonate  of  lime ;  but  the  ooncentrie 
bone-layers  are  for  the  most  part  conspicuously  displayed.  Elevep 
or  twelve  of  the  anterior  ribs  have  more  than  an  inch  of  their  distal 
extremity  broken  away,  and  the  ruptured  ends  are  united  to  aa 
irregular,  narrow,  thin«  longitudinal  belt  of  bone  (f),  which  is  in  the 
same  crystalline  condition  as  the  ribs,  and  which  has  a  fSEUicifiil  re- 
semblanoe  to  a  fragmentary  breast-bone ;  but  this  appearance  is 
altogether  illusory,  for,  though  this  long  belt  is  completely  incorpo- 
rated with  the  extremities  of  the  ribs,  the  result  merely  of  pressure, 
it  is  undoubtedly  composed  of  the  remains  of  a  few  of  the  dexmal 
scales  to  be  afterwards  described. 

The  limbs  are  not  present,  nor  can  any  trace  of  tbem  be  observed. 
There  is,  however,  a  thicldsh  mass  of  bony  matter  in  the  dorsal  region 
in  front  (<7,  g),  lying  incorporated  with  tiie  proximal  extremities  of 
eight  or  nine  of  the  anterior  ribs,  and  extending  in  advance  of  them 
nearly  as  far  as  the  curved  line  of  the  cervical  vertebree.  This  may, 
perhaps,  be  the  remains  of  the  soapulse  and  other  members  of  the 
shouLier-girdle ;  but  the  forms  of  the  parts  are  entirely  obliterated ; 
indeed  there  is  no  indication  of  the  mass  having  been  composed  of 
distinct  parts.  The  thickness  of  the  bone,  which,  however,  cannot 
be  easUy  accounted  for  in  any  other  way,  justifies  the  above  suppo- 
sition ;  and  in  fact,  from  its  extent,  measuring  as  it  does  .5  inches 
long  and  nearly  2  inches  wide,  the  fair  inference  would  seem  to  be 
that  the  foie  lunbs  must  have  been  largely  developed. 

There  is,  however,  another  explanation  which  has  been  suggested, 
which,  though  possible,  can  scarcely  be  considered  probable :  it  is 
that  this  bony  mass  may  be  the  remains  of  the  large  pectoral  plates 
found  in  all  Labyrinthodonts,  which  in  some  way  or  otiier  have  been 
removed  thus  far  from  their  natural  position.  But  this  bony  mass 
lies  united  to  the  ribs,  and  is  covered  by  the  dermal  scales  already 
alluded  to,  which  appear  to  be  undisturbed.  This  could  scarcely  ho 
the  case  did  this  bony  maAS  originate  in  the  transported  pectoral 
plates. 

Purther  back,  incorporated  with  the  dorsal  extremities  of  the  ribs 
ttiere  situated,  is  anotiier  considerable  accumulation  of  bony  mat- 
ter (h)  in  the  form  of  a  very  irregular  elongated  belt.  The  greater 
portion  of  this  is  undoubtedly  derived  from  the  surface-scaleB  and 
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tiie  craBhed  ribs.  At  the  anterior  part  of  the  Wt,  however,  ihe 
bony  substance  is  too  thick  to  be  ^os  accounted  for,  and,  had  it 
been  placed  sufficiently  far  backwards,  it  might  have  been  supposed 
to  be  the  remainB  of  the  pelvic  girdle ;  but  we  fear  its  nature  must 
be  left  undetermined. 

The  head,  we  have  already  observed,  is  seen  in  section,  lying  in  a 
reversed  position  below  the  ventral  margin,  which  to  a  limited  ex- 
tent overlies  it,  the  muzzle  being  directed  backwards  (e,  6,  d).  The 
coronal  portion  is  on  the  slab  on  which  the  right  side  of  the  trunk 
rests ;  the  lower  or  basal  portion  and  muzzle  are  on  the  other,  which 
may  be  denominated  the  left  slab,  as  it  contains  the  left  side  of  the 
trunk. 

The  cavity  of  the  cranium  was  filled  with  crystallized  carbonate 
of  lime,  and  the  bone  is  in  a  very  flaky  tender  condition,  having  a 
chalky  or  burnt  appearance ;  and  in  some  places  it  is  so  much  reduced 
as  to  be  difficult  to  trace ;  neither  the  sutures  of  the  component 
bones  nor  much  of  the  surface  character  can  be  determined. 

The  entire  length  of  the  skull  is  9|  inches  ;  but  the  extremity  of 
the  muzzle  is  wanting.  The  occipital  region  is  much  injured ;  it  is 
wide,  truncated,  and  angulated  at  the  sides;  it  measures  acroBs 
5|  inches :  for  about  an  inch  forward  the  skull  widens  a  little,  and 
then  suddenly  tapers  for  nearly  an  inch  and  three-quarters,  at  which 
point  it  is  3  inches  wide ;  here  the  muzzle  seems  to  commence,  and 
from  hence  it  tapers  gradually  to  the  broken  anterior  extremily, 
where  it  is  a  little  more  than  an  inch  and  a  half  wide. 

The  portion  that  remains  of  the  narrow  elongated  muzzle  is  in  a 
better  state  of  preservation  than  the  rest  of  the  skull,  and  is  7  inches 
long,  and  measures  across  the  centre  2^  inches.  Only  a  part  of  the 
upper  surface  was  exposed ;  but,  aided  by  the  skilfol  manipoladoii 
of  our  friend  Mr.  Atthey,  to  whom  our  best  thanks  are  due,  we  have 
been  enabled  to  work  out  the  features  of  this  characteristic  portion 
of  the  cranium.  The  matrix  has  been  carefully  removed  by  thai 
gentleman  from  the  sides,  and  has  been  dug  away  from  beneath,  so 
as  to  exhibit  to  some  extent  the  palate.  Thus  revealed,  the  muzzle 
is  seen  to  be  much  depressed,  sHghtly  convex  above,  with  the  roof 
of  the  mouth  apparently  flat,  or  only  a  little  concave.  The  maxilbe, 
which  seem  to  form  the  sides  of  the  muzzle,  are  ihick  at  the  outer 
margins,  but  are  quite  thin  above.  Unfortunately,  however,  the  roof 
of  this  portion  is  much  injured ;  there  is,  nevertheless,  a  strip  about 
half  an  inch  wide  extending  the  whole  length  of  the  maxilla,  along 
the  right  side,  and  a  small  portion  near  the  centre  of  the  left 
maxilla,  in  a  tolerable  state  of  preservation.  The  central  portion  of 
the  roof  is,  for  the  most  part,  deficient,— little  more  than  tlie  cast  of 
it,  showing  the  farm. 

The  upper  surface  of  the  roof,  or  as  much  of  it  as  remains,  and  the 
margins  of  the  maxillae  are  studded  with  small  conical,  bluntly 
pointed  tooth-like  processes,  irregularly  disposed,  but  nowhere 
crowded.  They  are  la]^;est  at  the  outer  margins  of  the  maxillse, 
where  they  incline  outwards,  and  appear  to  diminish  in  length  and 
to  become  erect  as  they  pass  inw^oxb  towards  the  middle  longi- 
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tadinal  line.  They  are  for  the  moet  part  broken  down,  merely 
tabercnlar  scars  marking  their  position ;  but  near  to  the  centre  of 
the  left  maziHa  they  are  qnite  perfect,  and  are  seen  projecting  into 
the  adherent  matrix,  having  much  the  appearance  of  minute  teeth. 
The  largest  are  one-sixteenth  of  an  inch  in  length,  and  are  rather 
obtusely  pointed ;  several  of  them  are  coated  with  a  thin  layer  of 
transparent  glass-like  enamel.  Their  resemblance  to  teeth  is  still 
farther  shown  by  a  large  pulp-cavity  and  thick  dentine-like  walls^ 
which  have  a  white  milky  hue,  and  are  very  tender,  being  evidently 
much  changed  by  fossilization.  They  are,  however,  apparently  pro- 
cesses of  the  bone  from  which  they  project ;  no  distinct  anchylosis  can 
be  seen,  and  when  broken  away  there  is  no  depressed  scar,  but  their 
bases  are  persistent,  like  rugged  tubercles. 

Traces  of  similar  tooth-like  processes  are  found  much  further  back 
on  the  sides  of  the  skull.  The  palatal  surface  of  the  muzzle,  so  far 
as  it  could  be  explored,  displays  no  teeth,  neither  does  the  outer  or 
alveolar  margin  of  the  ma^oUse ;  but  not  much  importance  can  be 
placed  on  these  n^ative  facts  when  the  peculiar  state  of  the  spe- 
men  is  considered.  Very  little  can  be  added  to  what  has  already 
been  said  respecting  the  other  portions  of  the  cranium.  After  care- 
fully removing  the  crystalline  carbonate  of  lime  from  the  interior  of 
both  portions  of  the  skull,  its  walls  are  found  distinctly  lining  the 
concavities  in  the  matrix,  though  in  places  the  bone  Ib  reduced  to 
mere  traces.  And  in  one  part  the  coronal  wall  has  been  thrust 
inwards,  apparently  by  some  disturbance  in  the  matrix ;  and  the 
general  distortion  is  so  extensive  that  little  can  be  determined 
except  the  contour,  which  has  been  already  described,  and  this  is  not 
by  any  means  perfect  (see  PI.  XXXVIII.  fig.'  2).  llie  crown  seems 
to  have  been  considerably  elevated  and  arched. 

Perhaps  the  most  interesting,  and  certainly  the  best-preserved 
feature  of  our  strange  amphibian  has  yet  to  be  noticed.  As  it  lies, 
it  seems  to  have  been  covered  with  large,  minutely  striated,  bony, 
imbricated  scutes  or  scales,  which  extend  from  end  to  end  and 
from  the  dorsal  to  the  ventral  margin  of  the  specimen.  These 
scales  are  arranged  in  diagonal  lines,  sloping  from  behind  forwards; 
and  give  to  the  surface  of  the  animal  a  strongly  ribbed  appearance  in 
the  same  direction.  The  inside  view  of  the  scales  presents  the  same 
sort  of  ribbing  as  the  exterior ;  indeed  both  sides  of  this  bony  arma^ 
tore  remind  Uie  observer  of  the  ridges  and  farrows  of  a  tiled  roof, 
only  the  individual  scales  are  not  distinguishable  as  the  tiles  of  a 
roof  are ;  the  ridges  and  furrows  alone  are  visible,  and  the  junction 
of  the  rows  is  not  perceptible.  This  may  be  partly  owing  to  the 
pressure  to  which  tjie  fossil  has  been  subjected,  incorporating  the 
bony  scales  with  each  other ;  but  it  undoubtedly  results  in  a  great 
measure  from  the  character  of  the  scales  themselves,  which  permit 
the  most  dose  and  accurate  fitting.  However  this  may  be,  the  spe-^ 
eimen  at  present  has  the  appearance  of  having  been  incased  in  a 
continuous  bony  shield  coextensive  with  the  trunk.  No  portion  of 
the  tail  existing,  it  is  impossible  to  say  whether  or  not  the  scales  ex«- 
tended  to  it. 
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Such  is  the  geneEal  <dtaraeter  of  thk  peculiar  soalj  onnatnxe. 
Kot  mojoh,  hower^nr,  of  tiie  external  aui&oe  is  eeen ;  but  a  portiaa  of 
two  or  three  rowv  of  the  scales  is  well  displayed  at  the  anterior  ex- 
tremity of  the  ribs  on  the  rig^t  slab,  or  that  on  which  the  eoEOBal 
portion  of  the  cranimn  is  pieserved.  This  patch  of  the  scaly  covering 
of  course  belongs  really  to  the  left  side  of  the  animsl ;  it  oyerlies  the 
ribs,  and  in  psrt  covers  the  bony  mass,  which  we  suppose  naay  be 
the  remains  of  the  shoulder-girdle.  Other  two  considenhle  paiidies 
are  observed  overiying  the  ribs  near  the  oentie  of  the  body,  and  several 
smaller  patches  are  scattered  over  the  specimen.  All  these  patches 
exhibit  the  minute  striation  of  the  surface,  and  that  in  firont 
di^lays  also  the  ribbed  stroctiije;  and  the  easts  of  all  of  them  can 
be  traced  on  the  left  slab.  That  of  the  anterior  patch  is  well 
marked,  and  is  of  considerable  extent,  showing  both  the  ridges  and 
the  minute  striation  of  the  surface. 

Upon  the  left  slab,  too,  the  under  suE&oe  <^  the  scales  is  well 
seen,  particularly  a  belt  of  a  portion  of  four  or  five  rows  about  an  inch 
wide,  that  stretches  Bl<»ig  by  the  side  of  the  vertebral  column.  And 
towards  the  posterior  extremity  of  the  specimen,  the  rows  of  soaks 
are  seen  in  their  whole  length  (t,  i)  extending  in  parallel  order  from  ^ 
Tentral  to  the  dorsal  margin,  sloping  forwardiB,  and  crosBed  by  the 
ribs  which  incline  in  the  opposite  direction.  The  inside  of  the  rows 
of  the  scales  is  equally  well  displayed  on  the  rig^t  slab. 

The  scales  themselves  (fig.  3)  are  rhombiform,  with  the  an^es 
slightly  rounded,  and  having  projecting  from  the  lower  anterior  mf^ 
a  strong,  pointed  conical  process,  which  is  overlapped  by  the  donal 
maigiu  of  the  scale  next  below.  They  are  transversely  elongated, 
and  measure  in  this  ditection  an  inch  and  three-quarters,  length- 
wise^ or  from  the  anterior  to  the  posterior  margin,  five-eighths  of  an 
inch.  We  shall,  however,  merely  for  the  sake  of  convenience,  con- 
sider the  long  measurement  as  that  oi  the  length,  the  short  as  thai 
of  the  width. 

The  ends,  then,  of  the  scales  are  truncated  diagonally  from  above 
downwards  and  backwards ;  they  (the  scutes)  are  rather  stout,  but 
gradually  thin  out  to  the  margins,  which  are  very  fine,  and  have  a 
widish,  thick  ridge  extending  the  whole  length,  much  nearer  to  the 
front  than  the  posterior  maigin,  and  parallel  to  it.  This  lidge  is 
smooth  and  rounded  below,  where  it  is  seen  to  be  continued  into  the 
projecting  process ;  above,  on  the  outer  surface,  it  forms  an  obtnae 
ridge  the  entire  length  of  the  scale.  The  anterior  part  of  the  outer 
surface  is  smooth  as  far  back  as  this  ridge,  and  is  bevelled  or  sloped  te 
the  margin ;  the  posterior  portion  is  twice  as  wide  as  the  amooth 
anterior  border,  and  slopes  or  inclines  in  the  opposite  direction  or 
backwards,  so  that  the  longitudinal  carina  is  like  l^e  ridge  of  a  veiy 
low-pitched  roof  with  one  of  the  slopes  much  shorter  than  the 
other.  The  wide  posterior  slope  is  minutely  and  closely  striated, 
the  striie  being  raised,  sharply  defined,  and  slightly  diagonal 
from  above  downwards  and  bac^nnrards,  and  are  somewhat  broken 
and  tortuous. 

The  scales  imbricate  backwards^  the  anterior  overlapping  the 
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^terior  as  far  as  the  l<agitadinal  ridge,  so  th^t  the  whole  of  the 
smooth  anterior  border  is  covered^  as  well  as  the  conioal  prooees  pro- 
jecting from  the  lower  extremity;  and  the  8tri»  of  the  surfaoe 
become  continuous  from  scale  to  scale^  and  in  this  way  the  whole  of 
the  scaly  surface  is  covered  with  uninterrupted  stri».  This  is  all 
the  more  perfeet  as  the  boundaries  of  tlie  scales  are  not  distinguish- 
able, as  already  stated,  the  thm  margins  overlapping  with  great 
aoGuracy,  and  the  pressure  during  foseolization  undoubtedly  aiding 
ia  obliterating  the  visibility  of  the  junctions.  The  ridges  and 
furrows  formed  by  the  rows  of  scales,  and  the  striation  of  the  surfSaoe^ 
alone  give  evidence  of  the  presence  of  this  scaly  armature ;  and  had 
it  not  been  for  the  aid  of  some  isolated  scales  on  the  maigin  of  the 
specimen,  their  foim  and  character  could  not  have  been  deter- 
mined. 

Erom  the  above  description,  the  dose  resemblance  of  the  scales  to 
those  of  some  ganoid  fishes  is  sufficiently  obvious ;  indeed  they  might 
very  readily  be  mistaken  for  the  scales  of  a  gigantic  Platysemuif  the 
<^ef  distinguishing  feature  being  that  there  is  no  notch  to  reoetve 
the  peg  of  the  a^oining  scale,  the  connezicMi  being  merely  that  of 
supeiposition. 

8aoh  are  the  characters  of  this  curious  Labyrinthodont,  as  they 
are  determinable  in  our  specimen,  and  they  are  certainly  very 
anomalous.  The  most  remarkable  feature  is  the  covering  of  imiform 
fish-like  scales,  which  undoubtedly  seem  to  clothe  the  entire  body 
from  back  to  belly  ;  and  were  this  really  the  natural  condition  of  the 
creature,  it  would  indeed  be  extaremely  abnormal,  and  we  should  be 
at  a  loss  to  ascertain  its  affinities,  particularly  as  very  little  aid  is 
supplied  by  the  few  other  characters  that  we  have  been  able  to 
make  out.  Is  it  possible,  then,  in  any  way  to  account  for  this 
extraordinary  appearance,  «o  as  to  bring  L^pidotoMurus  into  the 
'  category  of  tiie  Labyrinthodonts  ?  for  it  seems  to  have  some  relation- 
ship to  that  group,  as  is  shown  by  certain  cranial  characters  to  be 
shortly  referred  to. 

We  are  indebted  to  the  kindness  of  Prof.  Huxley  for  an  answer  to 
this  question.  After  carefuUy  examining  the  specimen,  and  oon-* 
sidering  it  in  every  possible  way,  that  gentleman  suggested  to  us 
ihat,  alter  aU,  the  scales  that  now  seem  to  be  coextensive  with  the 
whole  body  may  be  nothing  more  thfui  the  ventral  scutes  common  to 
all  Labyrinthodonts,  though  somewhat  modified  in  character  and 
more  eixtensively  developed  than  usual. 

The  specimen,  as  we  have  already  pointed  out,  lies  on  its  side.  Now 
these  Amphibians  have  had  depressed  bodies ;  and  as  it  may  be 
supposed  that  the  ventral  scales  would  be  developed  in  proportion  to 
the  degree  of  depression  (or,  in  other  words,  those  individuals  with 
broad  bellies  would  have  more  scutes  than  those  with  naxrow 
bellies)  it  is  easy  to  see  that  in  L^pidotosaurm  the  scutes  or  scales, 
assuming  the  depression  to  have  been  extreme  in  this  form,  might 
have  been  more  than  usually  devel(^>ed.  It  is  quite  possible  then, 
nay,  even  likely,  that  on  the  collapse  of  the  ventral  scales,  under 
the  influence  of  lateral  pressure,  the  animal  lying  on  its  side,  their 
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onter  or  upper  margins  of  both  flanks  might  reach  to  tiie  d<mnl 
region,  ooToting  np  and  enclosing  the  ribs,  exactly  as  is  the  case  with 
the  specimen  before  ns.  The  perfect  imbrication  and  dose  inter- 
locking of  the  scales  would  nndoubtedlj  conduce  to  this  end  by 
maintaining  their  compact  order. 

This  seems  to  ns  so  natural  an  explanation  of  the  phenom^ion,  that 
we  gladly  adopt  it ;  and  thus  we  find  the  greatest  difficulty  of  the 
problem  turned  and  conquered.  We  are  also  indebted  to  the  libe- 
rality of  Prof  Huxley  for  pointing  out  to  us  the  affinity  of  our  new 
fiirm  to  Dasyceps^  also  a  Permian  Labyrinthodont. 

The  relationship  to  the  latter  is  seen  in  the  form  and  ornamenta- 
tion of  the  head.  In  Dasyceps  the  muzzle  is  not  by  any  means  so 
much  produced  as  it  is  in  Lefidotosaurus ;  the  form,  however,  of  the 
occipital  region  presents  considerable  resemblance.  But  what  is 
most  remarkable  is  that  the  surfetoe  of  the  skull  is  coTered  with 
minute,  sharp,  tooth-like  processes,  quite  similar  to  those  before  de- 
scribed on  the  muzzle  and  sides  of  the  skull  of  our  new  form. 

The  Bradford  fossil  recently  described  by  Prof.  Huxley  in  the 
Quart  Joum.  GeoL  Soc.  voL  xxy.  p.  309,  under  the  name  of  FkoH- 
derpeton  scutigerum,  shows  some  relationship  to  Lepidotosaurw  in 
the  large  development  of  the  ventral  scutes ;  but  they  difler  greatly 
in  character  from  those  of  the  latter. 

The  extraordinary  characters  of  the  scales,  their  vast  development, 
peculiar  ornamentation,  and  perfect  mode  of  imbrication,  as  well  ss 
the  greatly  elongated,  narrow  muzzle,  and  other  characters  of  the 
head,  make  it  necessary  to  establish  a  new  genus  for  the  reception 
of  the  Midderidge  Labyrinthodont,  to  whi<^,  as  previously  steted, 
we  have  given  the  name  of  LepidotoMunts  Duffii^  the  specific  name 
being  in  honour  of  the  gentleman  who  has  added  so  much  to  oar 
knowledge  of  the  vertebrata  of  the  British  Permian  rocks. 


EXPLANATION  OP  PLATE  XXXVilL 

Fig.  1.  Slab  eihibitiDg  the  left  side  of  Lepidotoaaumu  Duffii,  two-thirds  nstunl 
size : — a,  a,  a\  line  of  the  Tertebral  oolumo ;  a\  the  oerrical  poitioii  of 
ditto  ;  hy  the  inferior  portion  of  the  skull ;  c,  small  piece  of  the  upper 
wall  of  ditto  bulged  inwards ;  dy  muzzle  exhibiting  at  the  sides  minute 
conical  tooth-like  prooeaBes ;  0, 0, 0,  ribs ;  /,  belt  of  bony  matter,  reiem- 
bling  a  fragmentary  breast-bone ;  g,  or,  anterior  mass  of  bony  msttsr, 
supposed  to  be  the  remains  of  the  shoulder-giidle ;  A,  posterior  ditto, 
nature  undetermined ;  i,  i,  inside  yiew  of  the  rows  of  dennal  sciles ; 
J,  the  dorsal  extremities  of  four  or  fiye  of  ditto ;  k,  impressions  of  the 
anterior  or  lower  extremities  of  four  or  five  rows  of  scutes  of  the  right 
side,  showing  the  ridges  and  furrows  and  the  minute  striation  of  the 
surfisce ;  /,  /,  patches  showing  the  striated  impressions  of  scales. 

Fig.  2.  Outline  of  cranium,  dorsal  Tiew ;  one-third  natural  size. 

Fig.  8.  A  scute,  about  the  natural  size. 
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4.    On  Fbotebosattbus  Spbkxbi,  yon  Mxtxb,  and  a  new  apeeUsy 

Pbotsbosavrvs  HrzLETi,  from  the  Mabl-slatb  of  MmsEBiDeB, 

DuBHAM.     By  Albaky  Hancock,  ^sq,,  F.L.S.,  and  Bzchasd 

HowsB,  Esq. 

(Communicated  by  Prof.  Huxley,  F.R.S.,  F.O.S.) 
(Plates  XXXIX.  &  XL.) 
In  the  preceding  paper  it  has  been  stated  that  the  requirements  of 
a  railway  company  for  increased  accommodation  of  their  traffic,  and 
the  oontinuoas  indefatigable  exertions  of  onr  friend  Joseph  Duff, 
Esq.,  to  enlarge  the  knowledge  of  the  Marl-slate  fauna  of  Durham, 
haye  led  to  the  discovery  of  some  fossil  remains  which  are  certainly 
the  most  interesting  palseontologically  of  recent  acquisitions.  These 
consist  of  a  considerable  portion  of  the  skeleton  of  that  earliest- 
recorded  and  still  oldest-known  reptile,  Proteromurua  Speneri,  y. 
Meyer,  and  also  in  close  association  with  it  of  the  greater  portion 
of  the  skeleton  of  a  smaller  species,  for  which  we  propose  the  name 
ProUroaaurtis  HuxleyL  Through  the  obliging  kindness  of  Mr.  Duff 
these  specimens  have  not  only  been  placed  in  our  hands  for  descrip- 
tion, but  have  also  been  added  to  the  collection  of  the  Natural- 
History  Society  of  Newcastle,  Durham,  and  Northumberland*  - 

Perhaps  we  may  be  allowed  to  reflect  that  in  England  we  have 
now  arrived,  after  the  lapse  of  more  than  a  century  and  a  half,  at 
the  same  point  of  palseontological  discovery,  bathymetrically  con- 
sidered, which  was  attained  in  Germany  in  the  year  1706  through 
the  intelligent  observations  of  a  learned  physician  of  Berlin,  whose 
name  has  been  properly  attached  to  this  earliest  discovered  reptile ; 
and  also  to  consider  this  fact,  that  after  the  expiration  of  164  years, 
and  notwithstanding  the  exertions  and  multiplication  of  observers 
and  enlarged  fields  of  inquiry,  these  reptilian  remains,  described  by 
Spener  and  compared  by  him  to  the  Crocodile  and  Lizard,  still  con- 
tinue to  be  the  highest  organisms  up  to  this  time  recorded  from  the 
palffiozoic  rocks.  And  thus  this  discovery,  though  it  increases  our 
knowledge  of  the  geographical  distribution  of  ancient  reptiles,  adds 
nothing  to  our  knowledge  of  their  bathymetrical  range,  if  we  admit, 
as  is  generally  done,  that  the  English  marl-slate  was  contempora- 
neous wjth,  or  deposited  about  the  same  geological  period  as,  the 
German  Eupferschiefer. 

For  the  history  and  description  of  more  complete  specimens  we 
must  refer  to  the  classical  monograph  of  Hermann  von  Meyer, 
'  Fauna  der  Yorwelt — Saurier  aus  dem  Eupferschiefer  der  Zechstein- 
formation.' 

The  geological  position  in  which  these  reptiles  were  found  has 
already  been  described  in  a  former  communication,  so  that  it  is 
unnecessary  to  repeat  it  here,  further  than  to  state  that  they  were 
associated  in  the  marl-slate  proper  on  the  same  stratigraphical 
horizon  with  such  fishes  as  Platysonius,  Palceoniscus,  &c. 

The  two  specimens  which  we  are  about  to  describe  were  much 
obscured  in  the  matrix ;  but  by  the  skilful  aid  of  Mr.  Thomas 
Atthey  the  whole  of  the  bones  have  been  perfectly  developed  at  the 
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expeo«e  of  muoh  labour  and  judgment.  One  is  the  reoiaixia  of  a 
ireU-develaped  indiYidaal ;  but  little  more  than  Tertebrae  and  a  few 
of  the  ribs  in  a  more  or  less  dilapidated  state  are  preserved ;  but  on 
another  slab  three  or  four  perfect  ribs  have  occurred*  The  other 
specimen  is  in  a  much  more  perfect  condition,  the  principal  bones 
of  three  of  the  limbs  being  well  displayed  as  well  as  one  of  the  fore 
feet  and  most  of  the  ribs,  which  lie  in  regular  order  on  either  side 
of  the  vertebral  column.  The  former,  as  already  mentioned,  is 
undoubtedly  the  remains  of  Proterosaurus  Spenerif  and  the  latter  m 
new  species  of  the  same  genus,  Proterosaurw  Huxleyi, 

PBOTKBOSAVBirs  Spioniai,  v.  Meyer.    (PI.  XXXIX.) 

The  bones  of  the  specimen  of  this  species  are  in  a  veiy  perfect 
condition,  the  surface  of  them  being  quite  intact,  and  in  places  having 
even  a  semigloss.  The  vertebm  are  lying  articulated  in  a  much 
curved  line,  the  animal  having  apparently  died  with  the  spine 
arched  violently  backwards,  as  seems  to  have  been  the  case  with  all 
the  examples  lutherto  obtained.  In  our  specimen  the  curve  is  even 
more  sharp  than  usual,  the  remains  of  the  column  forming  almost 
half  a  circle.  The  anterior  portion  of  it  is  thrown  suddenly  ba^ 
and  at  the  pelvic  region  it  is  as  suddenly  bent  upwards. 

In  all  there  are  thirty-five  or  thirty-six  vertebrae  and  oasts  of 
vertebrse  in  continuous  order,  measuring,  if  placed  in  a  right  line^ 
22  inches  in  length.  Of  these  vertebrae  twenty-one  appear  to  be- 
long to  the  trunk,  and  fifteen  or  sixteen  are  caudal.  Now  if  we 
deduct  two  or  three  for  the  lumbar  vertebrae,  there  will  remain 
seventeen  or  eighteen  dorsal  vertebrae.  Meyer  concluded,  after 
carefully  enumerating  the  joints  in  all  the  known  individuala,  that 
the  number  is  "not  under  sixteen,  and  not  over  nineterai;"  so  that 
it  would  appear  that  the  whole  of  the  dorsal  vertebrae  are  present, 
in  front  only  the  cervical  being  deficient.  As  Meyer  estimates  the 
tidl-joints  at  more  than  thirty-six  or  thirty-dght,  it  would  then 
appear  that  more  than  half  of  them  are  wanting  in  the  speciaieiL 
before  us. 

The  centrum  of  the  dorsal  vertebrae  is  upwards  of  |  inch  long, 
and  about  ^  inch  in  height  In  one  of  the  Isrgeet  specimens  figured 
by  von  Meyer  (tab.  ix.)  it  is  \  inch  long  and  ^  inch  high.  It  would 
therefore  seem  that  the  Midderidge  example  is  full-grown  and  a  laige 
individual.  It  is  impossible  to  observe  the  ends  of  the  vertebrae, 
as  they  are  all  articulated ;  but  from  the  appearance  of  the  joints 
where  they  gape  a  little,  it  would  seem  that  both  the  anterior  and 
posterior  articular  surfaces  are  slightly  concave,  and  their  mai^iins 
appear  as  if  refiected ;  the  sides  of  the  centrum  are  smooth  and  are 
a  little  concave. 

The  spinous  process  is  1|  inch  high,  being  m<M«  than  twice  the 
height  of  the  centrum,  and  it  is  |}  an  inch  from  back  to  front ;  con- 
sequently it  is  considerably  shorter  than  the  body.  It  is  muoh 
compressed,  and  is  expanded  a  little  above  in  the  direction  of  the 
long  axis  of  the  vertebrae ;  and  the  dorsal  margin  or  crest  is  slightly 
arched  in  the  same  direction,  uid  exhibits  <m  the  sides  delicate 
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longitodmal  radiating  striae.  The  upper  extremity  of  some  of  the 
anterior  s^dnoiu  procBBsee  are  strongly  roughened  at  the  sides^  as  if 
for  muscular  attachment. 

The  anterior  zygapophyses  are  stout  and  well  produced ;  they  in- 
cline outwards  and  upwards.  The  posterior  pair  are  considerably 
shorter  than  the  anterior,  and  stretch  backwards  or  outwards  to 
overlap  them. 

The  transyerse  processes  are  not  well  preserved ;  but  distinct  traces 
of  them  are  observed  in  most  of  the  vertebrsB,  and  on  one  or  two 
the  form  is  pretty  well  seen.  They  are  simple,  short,  and  obtuse, 
and  are  lengthened  a  little  in  the  direction  of  the  long  axis  of  the 
centrum. 

The  caudal  vertebrsB  are  longer  in  proportion  to  their  height 
than  those  of  the  trunk ;  and  the  neural  arch,  as  in  them,  is  com- 
pletely united  to  the  body,  no  suture  or  other  trace  of  the  junction  of 
the  parts  being  perceptible.  The  spinous  process  is  as  long  propor- 
tionately, and  those  near  the  root  of  the  tail  are  of  the  same  shape 
as  those  of  the  trunk.  But  further  down  they  become  considerably 
contracted  at  the  base  in  the  direction  of  the  long  axis,  and  gra- 
dually widen  in  the  same  place  upwards.  The  spine  d  the  last 
joint  on  the  slab,  being  the  fifteenth  or  sixteenth  of  the  tail,  exhibits 
at  the  upper  margin  an  indication  of  the  peculiar  bifurcation  of  the 
lower  distal  caudal  spines  of  this  saurian. 

The  anterior  zygapophyses  are  considerably  longer  than  those  of 
the  trunk-vertebree,  and  are  more  inclined  upwards.  Immediately 
beneath  the  neural  arch  on  either  side  of  the  centrum  there  is  a 
longitudinal  ridge,  which,  near  the  centre  of  the  body,  is  produced 
a  Uttle  into  a  short  projecting  tubercle,  the  transverse  process.  The 
chevron  bones  forming  the  haemal  arch  are  about  as  long  as  the 
dorsal  spine,  but  are  much  narrower,  and  are  of  a  spatulate  form, 
being  narrower  at  the  proximal  and  fiat  and  small  towards  the 
outer  extremity.  They  are  not  fixed,  like  the  processes,  in  con- 
nexion with  the  neural  arch,  but  are  articulated  below  to  the  broad 
reflected  margin  of  the  posterior  extremity  of  the  body,  articulated, 
as  it  were,  between  the  joints,  and  are  inclined  backwards.  Only  a 
fbw  of  them  remain,  but  two  or  three  are  well  displayed  on  a  fo- 
ment of  the  counter-slab,  which  has  fortunately  been  preserved. 

The  lumbar  vertebrae  are  not  well  marked,  and  in  this  region  the 
specimen  is  unluckily  fractured.  Certainly  two,  perhaps  three,  of 
tiie  last  vertebrae  of  the  trunk  are,  however,  apparentiy  anchylosed. 
Yon  Meyer  seems  to  have  been  uncertain  whether  there  were  two  or 
three  pelvic  joints ;  but  from  what  he  states  it  would  seem  likely 
that  three  is  the  number. 

A  fragment  of  a  flattened  rounded  bone,  measuring  1|  inch  across, 
lies  directly  below  the  lumbar  vertebrae.  This  is  probably  a  portion 
of  the  pelvic  girdle,  and  is  the  only  indication  of  its  presence.  This 
resembles  in  form  the  rounded  extremity  of  a  bone  (tab.  iv.  f.  1,  2, 
of  von  Meyer's  work)  lying  in  contact  with  the  femur,  and  is  pro- 
bably a  portion  of  either  the  pubis  or  ischium. 

Immediately  in  front  of  the  fragment  lie  the  short  ribs^  which  are 
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not  more  than  an  inch  long ;  they  are  only  ailigfatly  aiched,  with  tlie 
head  a  little  enlarged  and  the  distal  extremity  obtusely  pointed. 
Farther  in  adyanoe  there  are  the  remains  of  three  or  four  other  ribsy 
with  more  or  lees  of  the  enlarged  proximal  extremity  preserred  and 
lying  on  the  Tertebre  apparently  near  to  the  point  of  articulation.  One 
such  extremity,  the  most  anterior,  is  pressed  down  upon  the  sixth 
or  seventh  yertebra  in  advanoe  of  the  sacrum.  It  lies  immediaielj 
behind  and  below  the  distorted  and  broken  transyerse  process,  to 
which  it  is  probably  attached.  Portions  of  the  other  heads  ooci]|»y 
relatively  exactly  the  same  position  on  the  two  posterior  yertebxs. 

The  head  of  each  rib  is  of  a  triangular  form,  and  is  compreaaed, 
with  the  articulating  surface  simple  and  almost  straight.  The  shaft 
at  the  proximal  extremity  is  rather  strongly  bent;  it  is  afterwarda 
slightly  and  regularly  arched,  and  at  first  it  is  narrow  and  almoBt 
cylindrical,  afterwards  it  widens  and  flattens,  and  is  grooved  longi- 
tudinally; the  distal  end  is  truncated  for  the  attachment  of  the 
ventral  ribs,  of  which,  according  to  Meyer,  there  are  three  to  each 
vertebral  rib.  The  ventral  ribs  are  not  preserved  in  our  specimen, 
with  the  exception  of  one  or  two.  Two  or  three  ribs  on  a  portiflu 
of  the  oounter-slab  measure  4|  inches  in  length  along  the  chord. 
The  widened  extremity  is  |  inch  broad;  the  constricted  portiaiL 
above  is  not  more  than  half  that*  width. 

Fbotebosaubus  Huxlbti,  n.  sp.    (Fl.  XL.) 

The  small  specimen  of  ProterosauruSy  though  far  from  being  per- 
fect, is  not  by  any  means  so  much  mutilated  as  the  large  example 
of  the  genus  above  described.  It  lies  apparently  on  its  belly,  with 
the  two  anterior  limbs  spread  out,  and  the  principal  bones  of  the 
left  posterior  limb  lying  nearly  in  their  natiural  order,  though  dis- 
located. In  front  of  the  trunk  the  neck-joints  are  scattered  about 
in  contact  with  the  right  coracoid ;  and  a  little  fiorther  in  advance 
towards  the  left  is  apparently  a  fragment  of  the  skuU,  an  arched 
bone  4  of  an  iach  in  length.  The  lumbar  vertebrae  are  not  present, 
and  uie  proximal  caudal  vertebrae  are  likewise  deficient,  the  slab 
being  broken  away  at  this  point ;  but  a  few  of  the  distal  ones  can 
be  traced.  The  ribs  are  spread  out  on  either  side  of  the  spinal 
column,  which  strongly  marks  the  central  line.  The  trunk  of  the 
body  from  the  pelvic  region,  or  from  the  point  where  the  slab  is 
broken  away,  te  a  point  level  with  the  supposed  cranial  fragment,  is 
About  5  inches  in  length. 

The  bones  are  in  a  peculiar  state.  The  sur&ce  of  most  of  the  limb- 
bones  and  ribs  is  well  preserved :  these  bones  seem  to  have  been 
hollow,  and  are  filled  up  with  galena ;  but  the  vertebrae  and  some 
of  the  smaller  bones,  such  as  the  carpals,  are  almost  entirely  com- 
posed of  that  mineral ;  and  when  this  is  the  case,  the  form  of  the 
bones  is  often  much  ^torted,  apparently  by  the  iofluenoe  of  the 
lead-ore  in  AJMnming  its  usual  cubic  form. 

The  vertebrae  are  not  in  a  good  state  of  preservation ;  they  are 
much  injured  by  the  deposition  of  the  galena,  as  above  referred  to, 
which  has  so  duterted  the  form  of  the  bones  that  it  is  quite  impos- 
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Bible  to  make  out  the  parts,  or  to  say  whether  or  not  they  are  pro- 
Tided  with  the  long  characteristic  spinous  processes  of  P.  Speneri, 
Indeed  it  is  difficult  to  determine  the  number  of  joints,  though 
twelve  can  be  counted.  As,  howeTer,  there  are  fourteen  or  fifteen 
pairs  of  ribs,  there  must  be  at  least  as  many  dorsal  vertebrse.  It 
would  still  seem,  nerertheless,  that  they  are  not  so  numerous  in  this 
species  as  they  are  in  P.  Speneri,  in  which  we  have  seen  there  are 
Beventeen  or  eighteen  dorsal  vertebrse.  But  it  is  quite  possible,  in- 
deed it  is  likely,  that  there  are  more  ribs  than  we  hare  been  able  to 
enumerate,  in  which  case  we  have  underestimated  the  number  of 
the  vertebne ;  and  the  two  species  may  be  found  to  agree  in  this 
particular  more  closely  than  is  apparent.  It  is  equally  impossible 
to  ascertain  the  character  and  exactnumber  of  the  cervical  vertebrse ; 
but  as  six  or  seven  lie  scattered  about  in  front  of  the  trunk,  it  would 
seem  that  this  species  may  have  seven,  the  number  of  the  neck-ver- 
tebree  of  P.  Speneri  according  to  Meyer.  All  that  can  be  said  about 
the  caudal  vertebrse  is,  that  the  traces  of  their  remains  seem  to  indi- 
cate that  the  tail,  when  perfect,  must  have  been  of  considerable 
length.  About  2  inches  of  the  distal  extremity  is  determinable; 
and  as  about  the  same  length  of  the  proximal  portion  seems  to  be 
broken  away,  the  tail,  when  complete,  must  have  been  longer  than 
the  trunk,  which  is  nearly  3^  inches  in  length. 

The  ribs  lie,  as  we  have  already  said,  spread  out  in  their  natural 
order  on  each  side  of  the  vertebral  column,  and  fourteen  or  fifteen  pairs 
ean  be  enumerated  ;  but  there  is  some  difficulty  in  determining  the 
precise  number.  They  are  well  and  regularly  arched  from  end  to  end, 
and  are  moderately  and  nearly  equally  thick  throughout.  Towards 
the  proximal  end  they  are  a  litUe  flattened,  and  terminate  in  a  slightiy 
enluged  simple  head  of  a  triangular  form.  The  distal  extremity  is 
abruptiy  truncated,  but  is  not  flattened  and  widened  to  the  same 
degree  as  the  ribs  of  P.  Speneri ;  neither  are  the  ribs  so  decidedly 
grooved  as  they  are  in  that  species,  but  are,  on  the  whole,  more 
eylindrical.  The  ventral  ribs  appear  to  have  been  numerous  and 
comparatively  stout ;  they  lie  pressed  in  between  the  vertebral  ribs 
near  to  the  spinal  column,  but  their  relative  number  cannot  be 
ascertained.  The  longest  vertebral  ribs  are  near  the  centre  of  the 
trunk ;  here  they  are  ^  inch  long,  measured  along  the  chord ;  they 
shorten  a  little  before  and  behind  to  about  -^  inch  in  iront  and  -^ 
behind. 

Both  the  coracoids  are  well  preserved,  particularly  the  left,  which 
lies  nearly  in  its  natural  position  at  the  left  side  on  the  fore  part  of 
the  trunk.  The  right  coracoid  is  removed  a  short  distance  in  front. 
They  are  stout  discoidal  bones  |  inch  in  diameter,  with  a  deep,  wide 
notch,  apparentiy  on  the  posterior  margin,  forming  the  glenoid  cavity 
for  the  articulation  of  l^e  humerus.  At  the  inner  margin  of  the 
notch  there  is  an  elevated  boss ;  and  from  thence  to  the  front  mar- 
gin there  is  a  widish  ridge  indicating  perhaps  the  compound  nature 
of  this  bone,  which  is  most  likely  composed  of  both  the  coracoid  and 
scapula,  the  glenoid  cavity  being  as  usual  at  the  junction  of  the  two 
elements ;  but  there  is  no  distinct  traoe  of  a  suture.    There  is  a 
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■traiglit  fiarroW  bone  lying  with  one  end  in  contact  with  the  right 
ooraooid,  which  may  perhaps  be  a  clavicle.  A  somewhat  similar 
bone  is  also  in  contact  with  the  left  coracoid,  bnt  in  this  instance  it 
has  in  some  respects  the  character  of  a  rib. 

The  hnmeros  is  one  inch  long,  and  is  a  slightly  arched  Stent  bonop 
with  the  extremities  a  little  expanded ;  the  distal  end,  which  is  the 
wider  of  the  two,  is  fnlly  |  inch  across,  while  the  most  constricted 
part  of  the  shaft  is  a  little  more  than  half  that  width.  The  proper* 
tional  measurements  of  the  humeras  in  P.  Spmeri  differ  considerably 
ft-om  the  above.  In  that  species  this  bone  has  the  extremities  ex* 
tremely  wide.  One  figured  by  von  Meyer  (tab.  ix.),  which  is  2  J  inches 
long,  has  the  shaft  |  of  an  inch  thick,  while  the  proximal  extremity 
is  a  little  less  than  ^  inch  wide  and  the  distal  ^.  In  P.  HugeUyi 
the  proximal  extremity  is  very  little  wider  than  the  shaft,  and  the 
distfd  extremity  is  about  twice  as  thick  as  the  shaft.  In  P.  Spmeri 
the  proximal  and  the  distal  extremities  are  three  times  the  width  of 
the  shaft. 

The  radius  and  ulna  are  not  by  any  means  slender;  they  are 
about  -^  of  an  inch  long,  being  considerably  shorter  ths^  the  hu- 
merus. The  radius  is  not  quite  so  stout  as  the  ulna,  and  botii 
exhibit  a  slight  sigmoidal  curve.  The  latter  is  ^  of  an  inch  thick 
at  the  centre  of  the  shaft,  but  is  a  little  enlargea  at  the  extremity. 

The  hand,  including  the  wrist,  is  a  little  longer  than  the  lower 
arm.  There  are  two  rows  of  carpals,  of  which,  though  disposed  in 
nearly  regular  order,  it  is  not  easy  to  determine  the  precise  num- 
ber. There  seems,  however,  to  be  three  in  the  proximal  row,  and 
four  or  five  in  the  distal,  in  all  seven  or  eight.  The  metacarpals 
are  long,  being  not  much  short  of  the  length  of  the  toes,  of  which 
there  are  five.  The  number  of  joints  in  each  will  have  to  be  esti'- 
Inated  rather  than  precisely  determined ;  for  the  extremities  are  con- 
siderably injured.  The  first  is  the  shortest,  and  has  apparently  two 
phalanges ;  the  second  has  three  ;  the  third  has  four,  all  of  whioh 
are  quite  distinct ;  the  fourth,  which,  judging  from  the  size  of  ^hlb 
phalanges,  is  the  longest,  has  four,  but  as  no  trace  of  the  daw  is  pre«- 
sent,  there  has  no  doubt  been  an  additional  joint,  bringing  the  nnm^ 
ber  up  to  five,  and  if  so,  agreeing  in  this  respect  with  P.  Speneri. 

The  left  fore  limb  is  almost  as  perfect  as  the  right,  and  lies 
stretched  out  nearly  at  right  angles  with  the  trunk,  with  the  front 
aspect  exposed;  the  back  of  the  right  limb  is  uppermost.  Hie 
proximal  end  lies  upon  the  coracoid ;  the  distal  extremity  is  sepa- 
rated by  a  short  space  from  the  radius  and  ulna,  both  of  which  nte 
extended  in  parallel  order  to  unite  with  the  projecting  wrist  and 
hand.  The  two  latter,  however,  are  so  much  injured  by  the  accu- 
mulation of  galena  that  the  parts  are  much  obscured. 

Hie  chief  bones  of  the  left  hinder  limb,  though  dislocated,  are 
lying  dose  to  the  pdvic  margin  in  nearly  their  natural  sequence. 
The  femur  is  as  stoutly  developed  as  the  humerus;  it  is  1|  inoh 
long,  consequently  a  little  more  than  A  of  an  inch  larger  than  the 
upper  bone  of  the  anterior  limb ;  it  is  slightly  bent,  and  has  the  ez- 
tranitieB  gradually  but  not  excessively  enlaced.    Hie  shaft  is  |  of 
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An  inch  thiok,  and  the  prozimal  extremity  is  nearty  doable  that 
thickness,  the  increase  being  due  in  part  to  a  ridge,  apparently  at 
the  outer  or  upper  surface. 

The  tibia  and  fibula  are  1-^  inch  long,  so  that  they  are  a  little 
more  than  ^  of  an  inch  shorter  than  the  fsmur.  They  are  nearlv 
straight ;  the  fibula  is  slender,  and  does  not  seem  to  have  been  mnm 
enlarged  at  the  extremities^  which  are,  howerer,  not  perfect  The 
tibia  is  considerably  stouter,  but  not  by  any  means  so  thick  as  the 
femur.  The  distal  end  is  gradually  thickened  a  little,  but  the  pros* 
imal  extremity  is  considerably  and  rather  suddenly  enlarged.  In 
this,  as  in  all  the  other  bones,  l^e  articular  extremities,  having  been 
formed  of  cartilage,  are  wauting,  the  ends  being  truncated.  It  is 
therefore  quite  impossible  to  describe  in  detail  the  characters  of  the 
joints. 

Fragments,  apparently  of  the  right  tibia  and  fibula,  and  three  or 
four  of  the  phalanges,  are  scattered  about  in  the  vicinity  of  the 
bones  of  the  left  leg ;  but  no  other  traces  of  the  right  limb  are  to  be 
found* 

The  only  portion  of  the  pelvic  girdle  present  is  the  extremity  of  a 
flat  bone.  This  fragment  is  ^  of  an  inch  long,  and  -j^  of  an  inch 
wide ;  it  slightly  widens  towards  the  anterior  extremity,  which  is 
trunctated.     This  is  probably  a  portion  of  the  ilium. 

Erom  the  above  description  it  seems  evident  enough  that  this 
.  small  reptile  is  a  true  Proterosaurus,  and  that  it  is  specifically  di- 
stinct from  P.  Speneri.  The  long  articulating  limbs  and  extensively 
produced  tail  are  common  to  both  species.  In  both,  too,  the  neck 
has  been  of  considerable  length,  and  the  number  of  cervical  vertebres 
(seven)  is  apparentiy  the  same  in  both.  And  the  number  of  the  dorsal 
vertebrsB  would  likewise  appear  to  agree  in  both  species,  and  in  each 
there  are  numerous  ventr^  ribs.  The  same  harmony  is  found  in 
the  number  and  character  of  the  hand-bones.  Unfortunately  no 
comparison  can  be  instituted  respecting  the  skulls  and  the  individual 
features  of  the  vertebrae,  as  these  parts  in  the  new  species  are  too 
imperfectiy  preserved ;  enough,  however,  seems  to  be  known  to  war- 
rant the  assertion  that  the  two  are  generically  coordinate. 

It  appears  equally  clear  that  the  smaU  individual  is  specifically 
distinct.  The  diminutive  size  alone  suggests  this,  especially  as  there 
are  no  appearances  of  immaturity  -,  and  the  form  of  the  ribs  would 
seem  to  prove  its  specific  distinctness.  In  P.  Huxleyi  we  have  seen 
that  they  are  flattened  towards  the  proximal  extremity,  while  in  P. 
Speneri  they  are  rounded  at  this  part ;  and  in  the  former  they  are 
not  widened  and  grooved  to  any  thing  like  the  same  degree  at  the 
distal  extremity. 

The  limbs,  too,  are  proportionately  different.  In  P.  Speneri  the 
fore  limb  is  4|-  inches  long,  as  figured  in  von  Meyer's  work,  tab.  ix. 
The  hind  limb  is  7f  inches  in  length ;  consequently  the  former  is  ^ 
shorter  than  the  latter.  In  P.  Huxleyi  the  fore  limb  is  1-^  inch  in 
length,  the  hind  limb  2|-  inches  long ;  the  former  in  this  species 
therefore  considerably  more  than  |  the  length  of  the  latter. 

In  the  new  specieS;  theu;  the  limbs  vary  more  in  length  than  they 
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do  in  the  old  ones,  the  hind  limb  being  considerably  longer  in  the 
former,  in  proportion  to  the  fore  limb,  than  is  the  case  in  P.  SpenerL 
The  difference  likewise  is  strongly  marked  in  the  proportions  of  the 
hnmems.  On  referring  to  Ton  Meyer's  tab.  ix.,  above  qnoted,  the 
constricted  part  of  the  shaft  of  the  humerus  therein  figured  measures 
•|  inch  wide,  while  the  distal  extremity  is  |-  inch  across :  thus  it 
appears  that  the  latter  part  is  three  times  wider  than  the  former. 
In  P.  HuxUyi  the  narrow  part  of  the  humerus  is  i-  inch  thick,  and 
the  distal  extremity  is  ^  inch  wide  :  so  here  the  disparity  is  only 
as  two  to  one,  but  in  P.  Speneri  it  is  as  three  to  one.  It  must  be 
stated,  too,  that  in  the  old  species  the  proximal  end  of  the  humerus 
is  nearly  as  wide  as  the  diataly  while  in  the  new  species  it  is  only 
slightly  enlarged. 


EXPLANATION  OF  PLATES  XXXIX.  k  XL. 

PlatiXXXEL 

Shib  of  Marl«dato  from  Midderidge,  oontaining  the  Tertebral  colamn  Ac.  of 


Proterataumu  Speneri,  Ton  Me^^er. 

PlatiXI 

klarl-fllaie  from  Midderidge,  contaii    ^ 
Hudeyi,  sp.  nor.,  Haaoodc  and  Howae. 


Plati  XL. 
Slab  of  Marl-fllaie  from  Midderidge,  containing  the  akdeton  of  J^o^^fOMMmf 
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J.  M.  Crombie.— '  The  Alpine  Flora  of  Britain,'  noticed,  229. 
'  Proceedings  of  the  Bristol  Naturalists'  Society/  noticed,  229.     *■ 

D.  Mackintosh. — '  On  the  mode  of  accumulation  of  the  Drift-deponli 
of  the  West  Riding  of  Yorkshire,'  noticed,  2S4 

*  Memoirs  of  the  Geok^cal  Survey  of  England  and  Wales,'  review^ 

*  Memoirs  of  the  Geological  Survey  of  India,'  reviewed,  171. 
<  Popular  Geology  for  uie  Bohemian  people,'  reviewed,  173. 


W.  Carruthers.— 'On  Fossil  Botany,'  reviewed,  181. 
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Qeoiogieal  Magazine.    Yol.  yii.  •  Noa.  4-6  (continued). 

Pictet's  '  Juiasaic  and  Cretaceous  Rocks/  reviewed,  290. 

Wynne's '  Pooma  Valley,'  reviewed,  232. 

<  Transactions  of  the  Edinburgli  Geological  Society/  reviewed,  288. 

E.  T.  Stevens's  *  Flint-Chips,  a  guide  to  Pre-historic  Arche&ology,' 
reviewed.  286. 

Jordan's  *  Cfeological  Map  of  London/  reviewed,  288. 
Reports  and  Proceedings  of  Societies,  184, 234,  288. 
Correspondence,  191,  289, 300. 
Miscellaneous,  192,  240. 

Geological  Survey  of  India.    Annual  Report  of  the  Museum  of 
Geology.    Calcutta,  1867. 

.    Memoirs.   Vol.  vi.  Part  8. 

W.  T.  Blanfoxd.— On  the  Geology  of  the  Taptee  and  Lower  Ner- 

budda  Valleys,  163. 
A.  B.  Wynne.— On  Frog-beds  in  Bombay  Island,  385. 

F.  Stoliczka.~On  Oxygiosaus  pwUbtB,  Owen,  sp.,  387. 

.    Palfldontologia  Indica,  being  figures  and  descriptions  of  the 

Otgamc  Remains  procured  during  ^e  progress  of  the  Geological 
Survey  of  India.  Vol.  V.  vii.-x.  ^e  Gasteropoda  of  the  Cretaoeoua 
Bocka  of  Southern  India,  by  Dr.  E.  Stoliczka.    1868. 

.    Records.    Vol.  i.  Parts  1-3.    1868. 

W.  T.  Blanford.— On  the  Coal-seams  of  the  Tawa  Valley,  S. 

H.  B.  Medlicott. — On  the  prospects  of  useful  Coal  being  found  in  the 

Garrow-Hills,  11. 
F.  R.  Mallet. — Copper  in  Bundelcund,  16. 
W.  T.  Blanford. — On  the  Coal-seams  of  the  neighbourhood  of 

Chanda,  23. 

.    Coal  near  Nagpur,  26. 

A.  B.  Wynne. — Geological  Notes  on  the  Snrat  Collectorate,  27. 
F.  Stoliczka. — ^Additional  Observations  regarding  the  CephaJopodous 

Fauna  of  the  South-Indian  Cretaceous  Deposits,  32,  6o. 
Coal  in  the  Eastern  Hemisphere,  37. 
W.  T.  Blanford.— Notes  on  the  Route  from  Poena  to  Naffpur,  viil 

Ahmednuggur,  Jalna,  Loonar,  Yeotmahal,  Mangali,  and  Hingun- 

T.  01<Uiam.— On  the  Affate  flake  found  by  Mr.  Wynne  in  the  Plio- 
cene (?)  deposits  of  tne  Upper  Godavery,  65. 

H.  B.  Medlicott— The  boundary  of  the  Vmdhyan  series  in  Rajpoo- 
tana,69. 

r .    •    VoL  ii.  Part  1.    1869. 

A.  B.  Wynne.— The  Valley  of  the  Pooma  River,  West  Berar,  1. 
W.  King.— On  the  Euddapah  and  Eumool  Formations.  5. 
H.  BrMedlicott.-~Geological  Sketch  of  the  Shillonp  Plateau,  10. 
VaL  Ball— On  the  occunence  of  Gold  in  the  District  of  Singbhiim, 

IL 
H.  B.  Medlicott — Memorandum  of  the  WeUs  now  beinff  sunk  at  the 

European  Penitentiary,  and  at  the  site  for  the  Cential  Jail,  Haza- 

reebegh,  14. 
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Glasgow.  TraiuMotioiisof  the  Geological  Society  of  Glasgow.  YoLiiL 
Part  2.     1869. 

W.  ThomaoiL^Oeoloffical  Dynamics.  215. 

X  W.  Young. — On  ti&e  Action  of  Organic  Matter  on  Peroxide  of 
Iron,  as  obsenred  in  iJie  Post-Tertiaiy  Sands  of  Glasgow,  24L 

J.  F.  Potts. — On  the  Arran  Claystones,  244 

H.  M'PhiaL — On  the  CaifooniliBroiiB  Sections  of  the  Leyem  Vallejv 
Benfirewshire,  254. 

B.  Ciaig. — ^Sketch  of  the  GarboniferouB  Basin  of  Dfdiy,  AyrBhire,  271. 

J.  You^. — ^Notes  on  the  Section  of  Strata  in  the  Gilmorehill  Quaiiy, 
and  Boulder-day  on  the  Site  of  the  New  UniTersity  Buildings, 
Glasgow^  298. 

J.  Young  and  B.  Craig. — Notes  on  the  Occurrence  of  Seeda  of 
Freshwater  Plants  and  Arctic  Shells,  along  with  the  remains  of 
the  Mammoth  and  Beindeer,  in  beds  under  the  Boulder-day  at 
Kilmaurs,  310. 

H.  W.  Crosskey  and  D.  Bobertson.— The  Post-Tertiary  FossDiferoaa 
BedsofScotiand,321. 

J.  Young.— From  Geology  to  Histoiy,  341. 

J.  Bum& — Notes  on  the  Post-Tertiaiy  Deposits  of  the  Cane  of  Fal- 
kirk, 367. 

Good  Health.  A  Journal  of  Physical  and  Mental  Cultnie.  YoL  i. 
Nob.  8-10.    1870. 

Heidelberg.  Yerhandlimgen  des  natorhistoiisch-medizinifldien  Yer- 
eins.    Bandy.    No.  3.    October  1869. 

Lancashire  and  Cheshire.  Transactions  of  the  Historic  Sodety.  New 
Series.    YoL  iz.    Session  1868-69. 

Lausanne.  Bulletin  de  la  Sod^td  Yaadoise  des  Sciences  Natoreilea. 
YoLx.    No.  62.    1869. 

J.  J.  Lochmann. — Bapport  sur  la  marche  des  travaux  de  la  Com- 
mission des  Blocs  Enatiquesy  185  (3  plates). 

H.  Bisdioff. — Analyse  de  l^u  min^nle  d'Yverdon,  190. 

£.  BeneTier.— Coupes  G^ologiques  du  Bassin  d'Yyeidony  265  (1 
plate). 

£.  Hdbert.->Sur  les  calcaires  de  Wimmis,  292. 

£.  BencTier. — lUponse  auz  obseirations  de  M.  H^rt,  296. 

P.  Yionnet. — ^NotoB  sur  qudques  affleurements  de  la  molaaee,  329. 

Linnean  Sodety  of  London.  JoumaL  Botany.  Yol.  zi.  No.  53. 
1870. 

■ .    .    Zoology.    Yol.  X.    No.  48.    1870. 

London,  Edinburgh,  and  Dublin  Philosophical  Magazine.  Fourth 
Series.   Yol.  xxxix.    Nob.  261-263.   From  Dr.  W.  Francis,  F.OJS. 

H.  Moseley.— On  the  «  Yeined  Structure  "  of  the  Ice  of  Gladers,  241 
(1  plate). 

—  How.--Contributions  to  the  Mineralogy  of  Nova  Scolia,  275. 

F.  J.  Pictet. — On  the  present  state  of  the  Question  as  to  the  Limits 
of  the  Jurassic  and  Cretaceous  Periods,  321. 

A.  B.  Clarke. — On  the  course  of  Geodesic  iAnes  on  the  Earth's  Sur- 
face, 352. 

Geological  Sodety's  Proceedings,  313^  883, 462, 
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Longman's  Notes  on  Books.    No.  61.    Hay  1870. 

Midland  Scientific  Association.    Transactions.    Part  2.   1870.   From 
the  Btv.  J.  M.  MeOo,  F.QJS. 
J.  Ward.— The  Fossil  Fishes  of  the  North  Staifordshire  Cosl-field,  1. 
R  Brown.— On  an  Ancient  Bed  of  the  River  Trent,  37. 
W.  Stevenson. — The  Fractured  Condition  and  Decay  of  Magnesian 
Limestone,  47. 

Monthly  Microscopical  Jonmal.    Vol.  iii.    Nos.  16  &  17  (April  and 
May> 

Moscow.     Bnlletin  de  la  Society  Imp^riale  des  Natoralistes  de  Mos- 
coo.    Ann^  1869.    Nos.  1-3. 
H.  Trautschold. — ^Ueber  sakulare  Hebungen  und  Senkmigen  der 

Erdoberflache,  1. 
B.  Hermann. — Untersuchungen  iiber  die  Zusammeneetzung  des  Fer- 
gusonitSy  411. 

MnnicL    Sitzongsberichte  der  konigL-bayer.  Akademie  der  Wissen- 
sdiaften  zu  Munchen.     1860.    Band  iL  Hefte  3  &  4. 

.    .    1870.    Band  i.  Heft  1. 

Nature  (Jonmal).    Vol.  i.    Nos.  21-26. 

W.  Mathews. — Mechanical  Propeties  of  Ice,  and  their  Relation  to 

Glacier  Motion.  634 
The  existence  of  Man  in  the  Tertiary  Epoch,  580. 
W.  Boyd  Dawkins. — Exploration  of  Caves  at  Settle,  Yorkshire,  628. 
J.  Evans.— The  Stone  Age  in  Egypt,  631. 
T.  H.  Huxley.— The  Deep-Sea  Soundings  and  Geology,  657. 

— .    VoL  ii.    Nos.  27-33. 

J.  W.  Flower.— Fossil  Oysters,  22. 

B.  R.  Stebbing. — Oysters  of  the  Chalk,  and  the  Theory  of  Develop- 
ment, 65. 

J.  Evans. — Stone  Implements  from  Burma,  104. 

W.  Boyd  Dawkins.— Fossil  Mammals  in  North  America,  119. 

NenchAteL    Bulletin  de  la  Soci^te  des  Sciences  Naturelles  de  Nen- 
ohltel.    Tome  viii.    Deuxieme  cahier.     1869. 

C.  Enab. — Throne  de  la  Formation  de  TAsphalte  an  Val-de-Travers 
et  de  la  production  des  bitumes  volatiLs  en  g^n^ral,  226. 

Neues  Jahrbuch  fiir  Mineralogie,  Geologic,  und  Palaontologie.  Heft  7, 
1869. 

D.  Burkart — Ueber  die  geologische  Erforschung  der  oentralameri- 
^kanischen  Republiken  Guatemala  und  Salvador  durcfa  A.  DoUfoss 
und  R.  de  Montserrat,  769. 

U.  Schloenbach. — Beitrsjgp  zur  Alters-Bestimmung  des  Griinsandes 
von  Rothenfelde  unweit  Osnabriick,  808  (2  plates). 

.    Heftl.     1870. 

T.  liebe. — Die  Diabase  des  Voigtlandes  und  Frankenwaldes,  1. 

D.  Burkart. — ^Die  Goldlagerstiitten  Califomiens,  21. 

G.  vom  Rath.— <*  Der  Aetna  in  den  Jahren  1863  bis  1866  mit  beson- 
deier  Beziehunff  auf  die  grosse  Eruption  von  1865 ;"  nuszugsweise 
iibertragen  nacm  dem  Werke  von  0.  Silvestri,  61  (1  plate). 
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New  York.    The  First  Annaal  Beporfc  of  the  Amerioaa  Moseum  of 
Natural  History.    Jaziuarj  1870.     (2  copies.) 

Nova  Scotia.     Report  of  the  Chief  Gommissioaer  of  Miaes  for  the 
Province  of  Nova  Scotia,  for  the  year  1869.     1870. 

OflEenbach-am-Main.    Zehnter  Bericht  des  Offenbacher  Yeieins  for 
Naturkunde  iiber  seine  Thadgkeit     1868-69. 

Paris.      Annales  des  Mines.     Tome  xvi.  Livr.  5  &  6.     1869. 

De  Boisset. — Note  sur  I'application  da  proc^^  Kind  Ohaudran  aa 

creusement  de  la  fosse  no.  4  de  la  compagnie  des  mines  de  rEscar- 

pelle,  371. 
Castel. — Sur  les  Mines  et  usines  m^talliques  du  Banat,  405. 
L.  Qruner. — Notes  additionnelles  au  Memoire  sur  TEtat  actoel  de 

la  M6tallurgie  du  Plomb,  518. 
Domeyko. — Sur  quelaues  Min^raux  du  Chili,  637. 
Mussy. — Ressources  Min^rales  de  TAri^e,  547. 
Terrains  anrif&res  rteemment  ddcouverts  dans  le  noid  de  Ffioossey 

597. 
Sur  les  mines  d'or,  d'argent  et  d'^tain  i^cemment  d^couvertes  dans 

les  environs  de  los  Angeles  (CaUfomie),  599. 
Rapport  sur  rindustrie  minidre  et  m^tallurgique  en  Italie,  600. 
Notice  statistique  sur  Tindustrie  min^rale  de  la  province  du  Hainaui. 

627. 
Production  des  mines^salines  et  usines,  dans  les  pays  faisant  portie 

du  ZoUverein,  032. 
Gruner. — Suppl^ent  auz  Notes  additionnelles  snr  la  m^tallnrgie  du 

plomb,  634. 

.    Bulletin  de  la  Sodete  G^ologique  de  France.     Detudeme 

Berie.    Tome  xxvi.    Nos.  5  <fc  6.     1869. 

Coquand. — ^La  Craie,  sa  composition  et  son  origine,  645. 

De  Mortillet. — Classification  chronologique  de  T^poque  de  la  piene 

^clat^,  etc.,  683. 
H6bert.--Sur  les  caract^res  de  la  faune  des  calcaires  de  Strambaig 

et  sur  Tage  des  couches  de  T^tage  tithonique,  588. 
Leymerie. — R^cit  d'une  exploration  gSologique  de  la  valine  de  la 

S^gre,  604  (1  plate). 
Chaper. — Observations  sur  la  note  d-dessus  de  M.  HiSbert,  668. 
Marcou. — Notes  sur  Torigine  de  Tdtage  tithoni^ue,  669. 
Hubert. — R^ponse  k  MM.  Chaper  et  Marcou  a  propos  de  I'dge  das 

calcaires  a  Terebratuia  d^hya  de  la  Porte-de-france,  671. 
Whitney. — ^D^couverte  de  restee  humains  et  de  tzaoee  du  travail  de 

lliomme  dans  des  rodies  tertiaires  en  Oalifomie,  676. 
C.  GnuL-^ur  la  formation  et  la  eonstittttion  des  lacs  dea  Vosges^ 

677. 

.    Observations  suz  lea  gladers  du  Giinddwald,  687. 

Levallois. — ^Notice  biographique  sur  C.  E.  Thirria,  ^3. 

Alb.  de  Lapparent. — ^Discours  sur  les  r^cents  progrds  de  la  gMpgiSy 

716. 
De  Tchihatcheff — Quelques  mots  smr  son  ouvrage  intitald :  GMogie 

de  I'Asie  mineure,  737. 
Daubr6e. — Considerations  sur  le  meme  ouvrage,  740. 


Digitized  by 


Google 


BOKATioire.  583 

JPwIb.    Bnlletin  de  la  SomJt^  QMogique  de  France.     Beimimo 
Bine,    Tome  zzn.    Nos.  5  &  6  (oonHnued). 

Dufour. — Snr  le  pseudomorphiaine  des  roches  feldspathiques,  744. 

Sur  un  Singe  proVablement  subfosdle,  746. 

Raiilm.-^De  ropinion  de  L.  Gordier  but  les  ophitea  dee  Pyrdn6es, 

747. 
Be  Saporta. — Sur  son  onyrage  intitold  Etudes  sur  la  y^tation  da 

S.  E.  de  la  France  k  T^poque  tertdaire,  751. 
<*— ^    Sur  Texistenoe  de  plusieurB  espdoes  aotuelles  observe  dans 

la  flore  pliocdne  de  Mezimieuz  (Ain),  762. 
Toumouer. — Sur  la  faune  des  ooquiUes  foasUes  des  tuft  de  Meximieuz 

(Ain),  774. 
Gervais. — ^Resiee  fossiles  du  Glouton  reoueillis  en  France,  777. 
Bourassin. — Sur  les  blocs  granitiques  des  environs  de  Ooncameau  et 

de  Tr^guier,  779. 
Matheron. — Sur  les  reptiles  fossiles  des  d^p6ts  fluvio-lacustree  cr^ta- 

ete  du  bassin  k  lignites  de  Fuyeau,  781. 
Toucas. — ^Description  g^ologique  et  paltoitdogique  du  oanton  du 

Bausset  (Var),  796  (1  plate). 
Gairigou. — ^Note  sur  le  niveau  des  cavemes,  825. 
Co^uand  et  Boutin. — Sur  les  relations  qui  existent  entre  la  forma- 
tion jurassique  et  la  formation  cr^tac&  des  cantons  de  Ganges,  de 

St  l£ppolyte  et  de  Sum^ne,  834. 
Ooquand. — domparaison  des  terrains  de  Ganges  avec  d'autree  ter- 

ndna  analogues,  et  constatation  des  stages  kimm^ridgien  et  port- 

landien  fossilif^res  dans  la  Provence,  854. 
Bekrand.— L*age  dea  tourbea  dana  la  baaain  de  la  Seine,  879  (1 

.    Comptes  Bendos  hebdomadaires  des  Stances  de  TAoadAnie 

des  Sciences.    Deuxi^me  Semestre  1869.   Tomebdx.    Nos.  23-26. 

Bebouz. — Becberches  arch^opal^ontologiques,  1260. 

Hamy  et  Lenormant.-— Sur  quelques  ateliers  superficiels  de  silez 

i^cemment  d^couverts  en  J^^^te,  1313. 
Grad.— Sur  la  presence  de  depots  stratifi^  dans  les  moraines^  et  lea 

oscillations  s^culaires  des  glaciers  du  Grindelwald,  1315. 
Pisaia. — ^Note  sur  la  structure  stratigTapliique  du  Obili;  1319. 

,    .     Premier  Scmestre  1870.    Tome  Ixx.     Nos.  1-14. 

K  OUivier. — Secousses  de  tremblements  de  terre  k  Biskra  (Alg^rie 

du  Sud),  du  16  au  19  novembre  inclusivement,  48. 
Hehnersen. — ^^ude  sur  lea  bloca  ezratiquea  et  aur  les  ddp6ta  diluviena 

de  la  Bussie,  51. 
B.  Benault — ^Notices  sur  quelques  v^gdtaux  ailicifi^  des  environs 

d'Autun,  119. 
Scbafaritz. — ^D^ouverte  au   diamant  k   Dlascbkowitz   (Boh^me), 

140. 
Hanconi. — ^Becheicbea  aur  lea  aflSnitte  naturellea  de  V^^pyomis, 

162. 
Cotteau. — Sur  le  genre  Asterostoma,  de  la  fiEuniUe  dea  ^Icbinocoxyddeay 

Gorceix. — Sur  Tetat  actuel  du  volcan  de  Santorin,  274. 
Boussingault. — Observations  relatives  k  I'^poque  de  I'druption  du 
▼elean  de  Purace,  503. 
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Paris.  Comptes  BendoB  hebdomadaires  des  Sdancea  de  VAcaMa&e 
deft  Sciences.  Premier  Semestre  1870.  Tome  Izz.  Nos.  1-14 
(continued). 

Magnan. — Sur  le  tenam  de  craie  d^  Pyr6nde8  finn9aise8  et  dea 
Corbi&res,  et  notamment  sur  la  partie  iii£$rieure  de  cette  fonnatioii' 
(n^ocomien,  aptien,  albien),  537. 

Roujou  et  JuUen. — ^Note  sur  des  stries  observe  sur  des  blocs  de  grda 
de  Fontainebleauy  de  meuli^re  de  la  Brie,  de  silez  et  de  caEilcaire 
groseier  engages  dans  les  diluyiums  des  environs  de  Paris,  538. 

Alph.  Milne-Edwards. — Observations  sur  la  faune  omithologique  da 
Bonrbonnais  pendant  la  p^riode  tertiaire  mojenne,  667. 

Leveill^ — Note  relative  k  la  d^couverte  de  restes  de  llionime  qnater- 
naire  dans  les  ateliers  de  pieire  taiU^  et  polie  da  Qrand-Pressignj 
(Indre-et-Loire),  666. 

Ricbard. — D^ouverte  d'instruments  de  Tage  de  pierre  en  Arable  et 
en  £^rpte,  576. 

Leymerie. — Observations  sur  une  Note  r^cente  de  M.  Magnan,  rela- 
tive an  tenain  crdtac^  infi^enr  des  Pyrdn^  6d4. 

.    Note  sur  T^tat  fragmentaire  des  haates  dmes  des  PVr^ni^es, 

696. 

— ^-.  Eevue  des  Cours  Soientifiqnes  de  la  France  et  de  Tfitranger. 
Septi^e  Ann^.    Nos.  17-29.    Harcb  to  June  1870. 

A.  Favre. — ^De  I'Existence  de  lHomme  ii  Ttipoque  Tertiaire,  967. 
£.  Bland^ard. — Les  travaux  sdentifiqaes  des  d^partements  en  186&- 

70,864. 
T.  H.  Huxley.— La  PalSontologie  depuis  bait  ans,  460. 

PbHadelpbia.  Journal  of  the  Academy  of  Natural  Sciences  of  Phiki* 
ddphia.    New  Series.    Vol.  vi.  Part  4.    1869. 

.    .    VoLvii.     1869. 

F.  V.  Hayden.->On  the  Geology  of  tbe  Tertiary  Formations  of  Dakota 

and  Nebrarica,  9. 
J.  Leidy. — Extinct  Mammalia  of  Dakota  and  Nebraska,  including  un 

account  of  some  allied  fonns  from  other  localities,  23. 

.    Proceedings  of  the  Academy  of  Natural  Sciences  of  Phila- 

ddphia.     Nos.  1  &  2.    January  to  July  1869. 

J.  Lea. — Notes  on  Microscopic  Crystals  in  some  Minerals,  4, 119. 
£.  D.  Cope.— Third  Contribution  to  the  Fauna  of  the  Miocene  Period 

of  the  United  States,  6. 
J.  Lddy.— Notice  of  some  Extinct  Vertebrates  from  Wyoming  and 

Dakota,  63. 
F.  B.  Meek  and  A.  H.  Worthen. — ^Descriptions  of  new  Crinoidea  and 

Echinoidea  from  the  CariH>niferous  Rocks  of  the  Western  States, 

with  a  Note  on  the  Genus  Ontfchtutery  67. 

.    Remarks  on  the  Blastoidea,  with  description  of  new  species,  88. 

.    Description  of  new  Carboniferous  Fossils  from  the  Western 

States^  137. 
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meroo  du  Puy.    Tome  zziz.    1868. 
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Quarterly  Joonial  of  Science.    No.  26.    April  1870. 

S.  P.  Oliver. — ^Bilegalithic  Strnctuiee  of  the  Ghaonel  Islaada :  their 

History  and  Analogues,  140. 
Chronidee  of  Geology  and  Mineralogy,  269, 280. 

Qaekett  Microscopical  Club.    JoumaL    No.  10.    April  1870. 

Boyal  Geographical  Society.    Journal.    Vol.  zxziz.    1869. 

BoyallriBh Academy.  Transactions.  YoLzziT.  Antiquities.  Fart 8. 
1867. 

— .    .    VoL  xxiv.    Literature.    Part  4.     1867. 

.    .    Vol.  xxiv.    Science.    Parts  9-15.    1867-70. 

W.  King.--On  the  Histology  of  the  Test  of  the  Class  Palliohian- 
chiata,4d9. 

Boyal  Sodety.    Proceedings.    Vol.  xviii.    Nos.  117-119. 

B.  Owen. — On  the  Fossil  Mammals  of  Australia.  Part  3.  Diprotodon 
atutraiiB,  Owen.  196.  ^ 

P.  M.  Duncan. — On  the  Madreporaria  dredged  up  in  the  Expedition 
of  H.M.S.  *  Porcupine;  289. 

S.  Haughton. — On  the  Constituent  Minerals  of  the  Ghranites  of  Scot- 
land, as  compared  with  those  of  Donegal,  312. 

Scientific  Opinion.    Vol.  iii.    Nos.  73-86.    Mardi  to  June  1870. 

A.  Murray—Origin  of  Gold  Nuggets  and  Gold  Dust,  820. 

J.  0.  Ward.— A  Geological  Dream  on  Skiddaw,  345,  364,  383. 

W.  Boyd  Dawkins.  — Settie-Cave  Exploration,  366. 

G.  H.  Kinahan. — ^Notes  on  the  Nomenclature  of  Ingenite  (Intrusive) 
Bocks,  381. 

The  Sulphur-beds  of  California,  381. 

T.  P.  Barkas.— New,  Bare,  and  Obscure  Fossils  from  the  North- 
umberland Coal-measures,  400. 

G.  H.  Kinahan.— On  the  Ancient  Iron  Trade  of  Ireland,  460,  480, 
501. 

Society  of  Arts.    Journal.    116th  Session.    Nos.  905-917. 

Strasbourg.     Bulletin  de  la  Soci^te  des  Sdences  Naturelles.     1** 
Ann^.    Nos.  1-11.. 

.    -.    2«Ann^e.    Nos.  1-7. 

C.  Grad. — Observations  sur  les  glaciers  du  Grindelwald,  75. 

■  ■  ■■>.   M^moires  de  la  Sod^t^  des  Sdences  Naturelles  de  Strasbourg. 
Tome  vi.    2«n«  livraison.     1870, 

Student  and  Intellectual  Observer.    New  Series.    Vol.  i.    No.  2. 
April  1870. 

Teign  Naturalists'  Field-club.    Beport  of  the  Proceedings  for  the 
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Yieima.    Anzdger  d«r  k.^.  Akademie  der  WifiMiifidiaftea  in  'Wuau 
1870.    Noe.  7-12. 

— .    Denkschrifteii  der  kaiaerlichen  Akademie  der  Winenadiafteii. 
IfatL-natur.  Glasse.    Band  xzix.    Erste  Abtheilung.    1869. 

C.  T.  Ettmgshausen.— Die  fossile  Flora  des  Tertiar-fieckens  yon  BQifL 
laOplatee). 

K.  F.  F^terB. — ^Zur  Kennttiiffl  der  WirbeltLiere  ana  den  Miocan- 
flchichten  Ton  Eibiawald  in  Steiermark.  L  Die  Schildkrotemeatoj 
111  (3  plates) ;  U.  Anwhicyon,  VwerrOj  Hyothermm,  189  (S  platea). 

F.  Unger. — Die  fossile  fiora  von  Radoboi  in  ihrer  Gesammtkeit  nnd 
nacn  ihrem  Verkaltnisse  sur  Entwickelung  der  Vegetation  der 
Tertiarzeit,  125  (5  plates). 

A.  £.  Reuss. — ^Palaontolomsche  Studien  Uber  die  alteren  Tertiary 
schichten  der  Alpen.  ll.  Abtkeilung.  Die  fossilen  Antkoxoen  nnd 
Biyozoen  der  Scidcktengruppe  yon  Grosara,  216  (20  platea). 

■  .    .    Band  zzix.    Zweite  Abtheilang. 

G.  C.  Laube. — ^Ein  Beitraff  zur  Kenntniss  der  Echinodennen  des 
Vicentiniflchen  Tertiaigeoietes,  1  (7  plates). 

.    Sitztingsbericbte  der  k.-k.  Akademie  der  WiBsensohaften. 

Band  liz.    Erste  Abtbeilung.  Hefte  3^.     1869. 

A.  Bou^. — ^Ueber  den  wahrscheinlicbsten  Ursprung  der  Salzlager- 

statten,  321. 
F.  Toula. — Ueber  einige  Fossilien  des  Kohlenkalkes  ron  Boliria,  488 

(1  plate). 
A.  E.  Reuss. — Zur  fossilen  Fauna  der  OligocansclucbteD  yon  Gaas, 

446  (6  plates). 
A.  Manzoni. — ^Biyozoi  foaaili  Italiani.    Seconda  Contribuzioney  612 

(2  plates). 
A.  Auerbacb. — Eiystallograpbische  Untersucbung  des  Colestini^  349 

(10  plates). 

E.  Bohck5'. — ^Zur  Entwicklungsgescbichte  der  in  dem  Scbicbtencom- 
plez  der  sUurischen  Eisensteinlager  Bfibmens  vorkommenden 
Minerale,  589. 

A.  E.  Reuss. — Ueber  bemimorpbe  Barytkiystalle.  628. 

F.  Simony.'>-Ueber  Urgesteinsablagerungen  im  ooenten  Tniimtkale« 
722  (1  plate). 

.    .    Band  liz.    Zweite  Abtbeilung.  Hefte  4  &  5.     1869. 

.     .    Band  Ix.    Erate  Abtbeilung.  Hefte  1  &  2.     1869. 

G.  Tscbennak — Hikroskopiscbe  Unterscheidung  der  Mineralien  aos 
der  Augit-,  Amphibol-  und  Biotitgruppe,  6  (2  plates). 

C.  y.  Ettingshausen. — Beitrage  zur  Kenntniss  der  Tertiarflora  Steier* 

marks,  17  (6  plates). 
G.  Tschennak. — Ueber  einen  Feldspath  aus  dem  Narodal  und  iiber 

das  Miscbunj^sgesetz  der  plagioklaAtischen  Feldspatbe,  146. 
H.  Abicb. — ^Die  Tulguriten  im  Andeait  des  kleinen  Ararat,  nebst 

Bemerkungen  iiber  ostliche  Einflusse  bei  der  Bildung  elektriacber 

Gewitter,  163. 
W.  V.  Haidinger.— Mittheilnngen  yon  Hetm  kaiB.  ruas.  Staataratk 

Hermann  Abicb  in  Tiflis^  162. 
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Vienna.    Sitenngsberioliie  der  k.-k.  Akademie  der  Wiflsenschaften. 
Band  Ix.    Zweite  Abtheilung.  Hefte  1&2.    1869. 

«^— .    Jahrbuch  der  k.-k.  geologiBchen  Beichsanstalt.    Band  lax. 
Fob.  3  &  4.    1869. 

D,  Stur. — ^Die  Biaimkohlen-Yorkomnmisse  im  Qebiete  der  Herrschaft 
Budafa  in  Ungam,  841  (1  plate). 

M.  Neumayr. — ^Beitrage  zur  Kenntnisse  tertiarer  Binnenfaunen,  356 
r4  plates). 

J.  »zab6. — IHe  Ampbibol-Tracbjrte  der  M&tra  in  Central-Unganii 
417. 

K  y.  Hauer. — ^Arbeiten  in  dem  chemisohen  Laboratorium  der  k.-k. 
geologiscben  Beichsanstalt^  427. 

F.  Bunzel.— Dr.  W.  B.  Carpenter's  yorlaufiger  Bericbt  iiber  Schlepn- 
netz-Untersuchungen  in  den  nordlich  von  den  britischen  Inseln 
gelegenen  Meeresreglonen  auf  Ihrer  Majestat  Bampfer  '^  Light- 
ning" iibersetzt,  435. 

D.  Stur. — ^Die  Bodenbeschaffenheit  der  Gegenden  siidostlich  bei 
Wien,  465. 

F.  V.  llauer.— Geologische  Uebersichtskarte  der  osterreichisch-unga- 
lischen  Monaxchie.    Blatt  No.  iii.  Westkarpathen,  486. 

E.  V.  Mojsisovics. — Beitrage  zur  Kenntniss  der  Cephalopoden-Fauna 
des  alpinen  Muschelkalkes,  667  (6  plates]). 

F.  y.  Yiyenot — ^Beitrage  zur  mineralogischen  Topographie  yon 
Oesterreich  und  Ungarn,  595. 

D.  Stur. — Ueber  die  Verhaltnisse  der  wasserfuhrenden  Schichten  im 
Ostgehange  des  Tafelberges  bei  Olmiitz,  613  (1  plate). 

■  Verhandlungen  der  k.-k.  geologiscben  Beichsanstalt.     1870. 

Noe.  5-7. 

G.  L.  Griesbach. — ^Petrefactenftinde  in  Sudafirika;  76. 

A.  Horinek. — Ueber  die  im  Kaiser-Franz- Joseph-StoUen  zu  Hallatatt 
gemachten  Gebiivsaufschliisse,  76. 

U.  Schloenbach. — Wotiz  iiber  eine  neue  yon  St.  Petersburg  ausge- 
hende,  geographisdi-natarwissensehaftiliche  Expedition  nach  dem 
Eaukasus,  78. 

0.  F.  y.  Petrino. — ^Ueber  die  nachpliocanen  Ablagerungeii;  insbeson- 
dere  iiber  Loss  und  iiber  die  Widitigkeit  der  Erforschung  dieser 
Bildungen  als  Grundlage  fur  die  landwirthschaftliche  Bodenkunde, 
79. 

£.  Bunzel. — ^Ueber  die  Reptilien-Fauna  der  Ereideschichten  yon 
Griinbach,  80. 

K,  y.  Hauer. — Ueber  den  Kainit  von  Kalusz,  80. 

D.  Stur. — ^Beitrage  zur  Kenntniss  der  Dyas-  und  Steinkohlenforma- 
tion  im  Banate^  81. 

F,  PosepnJ. — ^Vorlage  der  geologisch-montanistischen  Generalkarte 
des  Goldber^bau-Reyiers  von  Verespatak  in  Siebenbiirgen,  95. 

E.  Bunzel. — ^Die  Foraminiferen  des  Tegels  von  Briinn,  96. 

T.  Fuchs.— -Die  Fauna  der  Gongerienschichten  von  Radmanest  bei 

Lugos  im  BanatO;  96. 
K.  v.  llauer. — ^Vercokirngsyersuche  mit  Fohnsdorfer  Kohle.  97. 

B.  Knapp. — Bas  Kohlenvorkommen  von  Bersaska  im  serbiscn-banater 
Grenz-Regimente  Nr.  14, 100. 

E.  ZitteL — Grenzschichten  zwischen  Jura  und  Kreide,  113. 
E.  HofiGoaann. — ^Dolomite  und  Ealkc  des  Gfiier-GebirgeSi  116. 
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Yienna.  Yeriiandliiiigenderk.-Lgeologiseh6nBeich8aii8talt.   187Q. 
No8.  5-7  {continu^, 

F,  Y.  Andrian. — Greologische  Studien  ans  dem  Orient.    L  Die  tqI- 

caniflchen  Oebilde  dee  Bosphoras,  118. 
£.  Tietze. — ^Mittheiluageii  iiber  den  neidexschleauclien  Calm  und 

Eohlenkalk,  118. 
—  Woldrich.— Yorkommen  Ton  Eossener  Schiditen  bei  Salzbug, 

123. 
C.  M.  Paul. — ^Ueber  das  lignityorkommen  in  WeetaLavomeny  123. 
U.  Scbloenbach. — ^Ueber  neuer  YorkommniBse  aus  dem  alpnen  nnd 

bohmischen  Ereideffebiete,  123. 
F.  Poaepn^. — ^Ueber  lUpine  Erzlafferstatten,  124. 
U.  Scbloenbach. — ^Yorkommen  des  Amm,  (PhyU.)  uUramonUmm^ 

Zitt,  im  Dogger  von  Csemye  im  Bakonjer  Walde,  133. 
E.  lietze.— Die  Deron-Schicbten  bei  Gratz,  134 
A.  Bielz. — Gteologische  Notizen  aus  Siebenbiiigen,  136. 
E.  y.  MoJ8isoYics«->-Durchschnitt  von  Strambeig  nacb  NeaseladoEf 

r^ahren),  136. 
H.  Wolf. — ^Neue  geolog^sche  Aufscbliisse  in  der  Umgebung  von  Wiea 

duicb  die  gegenwaitigen  Eisenbabnarbeiteni  139. 

.    Yerhandlungen  der  k.-k.  zoologisch-botanischen  GeseUadiaft 

in  Wien.    Band  xix.    1869. 

Warwick.    Proceedings  of  the  Warwickshire  Naturalists'  and  Archflfr- 
ologists'  Field-dub.    1869. 

Tork.    Annual  Report  of  the  Council  of  the  Yorkshire  Philosophical 
Society  for  1869. 

Torkshire  Natiiralists'  Club.    Proceedings.    1869. 

Zoological  Society.    Proceedings.     1869.    Part  2  (HCarck  to  June). 

■  .    1869.    Part  3  (November  and  December). 

.    Transactions.    Yol.  vii.    Parts  1  &  2.    1869-70. 
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Annales  des  Sciences  G^logiques.    Tome  i.    No.  2.     1870. 

£.  Hubert — ^Recherches  but  l%e  des  gr^s  &  combustibles  d'Helsing- 

borg  et  dlloganasy  145. 
L.  Lf^t. — Essai  but  la  Gtologie  de  la  Palestine  et  des  conti^es 

ayoiBinantes,  149. 

Annales  des  Sciences  Naturelles.    Zoologie  et  Paleontologie.    5*  Serie. 
Tome  xiiL     1870. 

Bianconi.— Recheiches  sur  les  affinity  naturelles  de  VJEpyomUf 
article  11. 
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Annals  and  Magazine  of  Natural  History.    Eoorth  Series.    Vol.  v. 
Nofl.  28-30.     April  to  June  1870. 

£.  Billings. — ^Notes  on  the  Structure  of  the  Crinoidea,  CysHdea,  and 

BlastoSiea,  261,  409. 
A.  Hancock  and  Thomas  Atthey. — ^Notes  on  an  undescribed  Fossil 

Fish  from  the  Newsham  Goal-shale  near  Newcastle-upon-Tyne^ 

266. 
H  G.  Seeley. — On  Omithopsis,  a  Gigantic  Animal  of  the  Pterodac- 

tyle  kind  from  the  Wealden,  279. 
— ».    On  Zooemsa  doUchorhamphia,  a  Sessile  Cirripede  from  the 

Lias  of  Lyme  Regis,  283. 
H.  A  Nicholson.— On  the  British  species  of  Didutnograpsus.  337 

a  platej. 

A.  HimcocK. — On  the  Occurrence  of  Loxomma  ARmanni  in  the  North- 
umberland Goal-field,  374. 

W.  Garruthers. — On  the  Structure  of  a  Fern-stem  from  the  Lower 
Eocene  of  Heine  Bay,  and  on  its  lilies,  recent  and  fossil,  450. 

A  Milne-Edwards. — Observations  on  the  Ornithological  Fauna  of  the 
Bourbonnais  during  the  middle  Tertiary  period^  461. 

Journal  de  Conchyliologie.     Vol.  x.    Nos.  2  &  3.     1870. 

£•  Dumortier. — Note  sur  une  espdce  nouyelle  d^Avel(ma  du  Lias 

sup^iieur,  307. 
A  Bezan(on. — ^Description  d'esp^s  nouvelles  du  bassin  de  Paris, 

310. 
0.  Mayer. — Description  de  coquilles  fossiles  des  terrains  tertiaires 

inf^rieurs,  323. 
A  Bell. — Gatalogue  des  Mollusques  fossiles  des  mames  bleues  de 

Biot  (Alpes-maritimes^,  338. 

B.  Toumouer. — Description  de  quelques  Auriculac^s  nouveaux  des 
terrains  tertiaires,  35(3. 

PalflBontographica :  herausgegeben  yon  Dr.  W.  Dnnker  und  Dr.  K. 
A.  Zittel.     Vol.  xix.  Part  3  and  Snppl. 

E.  Tietze. — ^Ueber  die  devonischen  Schichten  von  Ebersdorf  unweit 
Neuiode  in  der  Grafschaft  Gktz,  103  (2  plates). 
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Bomana  in  occasione  del  ritrovamento  di  un  Decapodo  sul  Monte 
Mario.     8vo.     Borne,  1848. 


Digitized  by 


Google 


DONATlOKd.  59l 

0eseUi,  L.  Sopra  1' Arte  Ceramica  primitiya  nel  Lazio.  4io.  Bome^ 
1^68. 

.    Sopra  una  Tartaruga  trovata  alle  acque  eaje  di  Viterbo. 
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Horace  Pearoe,  Esq.,  21  Hogley  Road,  Stourbridge,  and  Samuel 
Spruce^  Esq.,  of  Tamworth,  were  dected  Fellows  of  the  Society. 

The  foUowing  communicationB  were  read : — 

1.  Notu  on  the  Loweb  portion  of  the  Green  Slates  and  FoRPHyRiss 
of  the  Lake-district  between  Ulleswater  and  Keswick.  By 
HpjmY  Alletnb  Nicholson,  M.D.,  D.Sc.,  M.A.,  F.K.S.E.,  F.G.S., 
&c..  Lecturer  on  Natural  History  in  the  Medical  School  of  Edin- 
burgh. 

OrEBLYiNe  the  Skiddaw  slates  of  the  Lake-district  and  underlying 
the  Coniston  hmestone  is  a  great  series  of  rocks  which  are  mostly  of 
igneous  origin,  and  were  originally  named  by  Prof.  Sedgwick  the 
"  Qreen  Slates  and  Porphyries."  These  rocks  consist  essentially  of  stra- 
tified felspatiiic  ashes  associated  with  sheets  of  contemporaneous  trap. 
The  ash-beds  are  mostly  cleaved,  and  they  constitute  Uie  well-known 
'*  green  slates  "  of  Cumberland  and  Westmoreland,  whilst  the  traps 
are  often  porphyritic.  The  origin,  therefore,  of  the  name  proposed 
by  Prof.  Sedgwick  is  obvious  ;  but  there  are  many  reasons  why  some 
local  name  wotdd  be  preferable.  Near  the  summit  of  the  group  is  a 
band  containing  Caradoc  fossils,  so  that  the  age  of  tiiis  portion  of  the 
series  is  unequivocal ;  but  no  organic  remains  have  ever  been  detected 
as  yet  in  the  lower  portion  of  the  green  slates,  so  that  the  exact  age  of 
this  is  somewhat  uncertain.  The  entire  series  of  the  green  slates  and 
porphyries  is  exhibited  over  a  very  extensive  superficial  area,  com- 
prising the  central  portion  of  the  Lake-district  proper,  and  extending 
about  twenty-five  miles  along  the  strike,  from  E.N.E.  to  W.S.W., 
and  about  thirteen  miles  in  the  direction  of  the  dip,  from  N.N.W. 
to  S.S.E.  So  much  repetition,  however,  takes  place,  in  consequence 
of  folding  and  of  faults,  that  it  is  very  questionable  if  the  entire 
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thickness  of  the  series  is  more  than  some  5000  or  6000  feet,  though 
it  doubtless  yaries  ft^nsuierably  in  different  parts  of  this  area. 

It  is  the  object  of  this  communication  to  describe  shortly  some  ol 
the  sections  in  the  lower  portion  of  the  series  of  the  green  slates,  as 
indicating  tho  general  Hthology  of  the  inferior  diyifflon  of  the  groupL 
For  this  purpose  I  shall  confine  myself  chiefly  to  the  sectians  whidL 
are  exhibited  between  UUeswater  and  Derwentwater. 

I.  Lower  portion  of  the  Qrun  SlaUs  and  P&rphyrui  in  BorrowdaU, 

The  whole  of  the  western  side  of  Derwentwater,  to  the  south  of 
the  little  wooded  hill  called  Bosetrees,  is  composed  of  the  Skiddaw 
slates,  which  dip  persistently  to  the  8.S.E.,  at  angles  of  from  40°  to 
60^,  through  Gat  Bells,  Barrow  Side,  Maiden  Moor,  and  Narrow  Moor, 
to  about  a  mile  to  the  S.S.E.  of  Manesty,  near  a  fEom-house  called 
the  HoUovrs  (fig  1).  The  Skiddaw  slates  also  form  the  flat  ground 
at  the  head  of  the  lake,  extending  as  far  south  as  the  village  of 
Grange,  and  occupying  a  narrow  strip  of  ground  on  the  western  side 
of  the  river  Derwent.  The  Skiddaw  slates  are  succeeded  to  Uie 
south  by  the  lowest  member  of  the  green-slate  series,  which  is  well 
exhibited  in  the  northern  end  of  Low  Scawdel,  to  the  east  of  the 
Derwent,  and  in  Grange  Fell  on  the  west.  It  is  a  massive,  dark 
green,  compact,  and  fine-grained  felspathic  trap,  in  places  rudelj 
columnar,  and  exhibiting  no  distinct  crystals  of  any  kind.  This 
trap  is  directly  overlain  by  a  great  band  of  slates  and  breccias,  which 
have  been  worked  on  bo^  sides  of  the  river  in  various  places,  and 
which  form  Goat  Crag,  Castle  Crag,  and  the  southern  end  of  Orange 
FelL  The  largest  quarries  are  a  Uttle  to  the  north  of  the  Bowder 
Stone.  Wherever  they  have  been  worked  these  slaty  beds  are  seen 
really  to  be  a  cleaved  felspathic  breccia,  of  which  some  beds  are  so 
fine-grained  as  to  lose  their  brecciated  nature ;  whilst  others  consist 
of  numerous  angular  fragments,  from  a  quarter  of  an  inch  in 
diameter  upwards,  imbedded  in  a  light-green  felspathic  matrix. 
The  fragments  in  the  breccia  are  mostiy  of  feLspathic  ash  or  trap ; 
but  many  are  very  like  pieces  of  Skiddaw  slate.  Subordinate  to  llie 
bands  of  slate  and  breccia  are  some  minor  beds  of  trap,  one  of  which 
near  the  Bowder  Stone  exhibits  numerous  small  veins  of  epidote. 
The  highest  beds  of  the  whole  of  this  slaty  series  are  amygdaloidal 
ashes,  the  cavities  of  which  are  mostly  filled  with  quarts. 

A  similar  sequence  of  rodos  is  exhibited  a  few  miles  to  the  S.W., 
in  the  valley  of  Gatesgarth  Beck,  which  flows  into  the  head  of 
Buttermere.  In  proceeding  from  the  head  of  Buttonnere  into 
Borrowdale,  by  way  of  Buttermere  Hawse,  the  lower  portion  of  the 
Gatesgarth  valley  is  found  to  be  occupied  by  the  Skiddaw  slates, 
which  dip  S.S.E.,  at  from  50^  to  60°,  forming  Buttermere  Fell  and 
the  N.W.  end  of  Honistor  Crag.  At  Dale  Head  the  Skiddaw  slates 
are  succeeded  by  the  lowest  member  of  the  green  slates,  in  the  form 
of  a  fine-grained  dark-green  febpathic  trap,  rudely  bedded,; and 
crossed  at  one  point  by  a  nearly  vertical  dyke  of  intrusive  greenstone. 
This  is  overlain  by  a  great  series  of  cleaved  felspathic  ashes,  amyg- 
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daloidB,  and  breccias,  with  subordinate  bands  of  trap.  The  lowest  beds 
of  this  series  are  cleaved  felspathic  ashes,  partly  brecciated ;  these  are 
followed  by  a  very  beautifdl  amygdaloid,  composed  of  a  fine-grained 
green  felspathic  base,  with  lai^  oval  or  rounded  cavities,  mostly 
filled  with  crystalline  carbonate  of  lime,  but  often  empty,  and  exhi- 
biting a  fine  vitreous  glaze.  Above  this  amygdaloid  come  ashes 
and  breccias  again,  of  which  the  ashy  bands  form  a  very  good  fine- 
grained green  slate,  which  is  largely  worked  at  Dale  Head  and  in 
the  celebrated  quarries  of  Honister  Crag.  The  breccias  are  cleaved 
and  also  fDrm  a  slate,  which  is  sometimes  green,  sometimes  purple 
in  colour.  Of  the  subordinate  trappean  bands  one  of  the  most 
noticeable  is  a  fine  purple  felBtone,  containing  numerous  large  crys- 
tals of  greenish  felspar.  This  great  slaty  series  extends  as  far  as 
the  summit  of  Borrowdale  Hawse,  and  it  is  the  unquestionable  equi- 
valent of  the  breccias  and  slates  which  are  worked  at  the  entrance 
of  Borrowdale.  Succeeding  these  in  the  S.E.  fianks  of  Seatoller 
Fell  is  a  massive  trap,  sometimes  fine-grained,  sometimes  porphyritic, 
and  very  well  exposed  in  the  course  of  Horse  Gill.  At  Seatoller 
itself  brecciated  ashy  beds  again  succeed  to  this  trap  (fig.  1). 

Fig.  1. — Section  from  Manesty,  on  the  west  side  of  Derwentwater, 
to  SeatolUty  in  Borrowdale,     Distance  four  miles. 


a.  Skiddaw  Slates. 

b,  Felspathic  trap,  forming  the  base  of  the  Ghreen-slate  senes.  , .      , 
e.  Great  series  of  ashes,  breccias,  and  amygdaloids,  with  some  mtercalated  bands 

of  trap. 
d.  Trap. 

n.  Lower  portion  of  the  Green-slate  Series  on  the  east  side  of 
Borrowdale. 

On  the  eastern  side  of  Derwentwater  the  relations  of  the  Green 
Slates  and  Porphyries  in  their  lower  portion  are  by  no  means  so 
clear  as  in  Borrowdale  and  in  the  Gatesgarth  Valley,  there  being 
much  folding  and  apparently  several  faults. 

At  Keswick  itself  the  Skiddaw  Slates  are  seen  in  the  bed  of  the 
Greta,  dipping  S.S.E.  at  high  angles  (fig  2).  To  the  south  of  this,  m 
a  little  wooded  hill  called  Castle  Head,  there  is  a  massive  greenish 
grey  felspathic  trap,  containing  a  good  deal  of  hornblende.  Pro- 
ceeding along  the  eastern  side  of  Derwentwater,  the  next  rock  which 
is  seen  in  situ  is  a  massive  red  breccia,  which  occurs  in  Great  Wood 
at  the  base  of  WaUow  Crag.  This  red  breccia  consists  of  a  dark  red 
matrix,  containing  numerous  angular  fragments  of  felspathic  ash 
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and  tn^.   It  is  an  extremely  hard,  compact  rock,  and  is  apparentlj 
altogether  devoid  of  cleavage.    The  red  breccia  is  snrmoimted  by  a 
series  of  green  breccias,  ashy  beds,  amygdaloids,  and  a  few  trappean 
bands,  which  form  the  mass  of  Wallow  Crag,  the  whole  being  over- 
lain by  a  fine  purple  or  green  porphyritic  trap.  To  the  sonth  of  Wal- 
low Crag  a  synclinal  fold  appears  to  occor;  and  a  similar  series  of 
breccias  and  ashes  is  fonnd  in  the  lower  portion  of  Falcon  Crag, 
near  Barrow,  dipping  northwards  at  very  low  angles  (about  10^). 
Forming  the  summit  of  the  Falcon  Crag  and  the  weetem  end  of 
Castlerigg  Fell,  is  a  felspathic  trap  which  is  nearly  horizontal,  ex  has 
a  slight  northerly  inclination,  and  appears  to  be  the  same  as  the  trap 
on  the  sommit  of  Wallow  Crag.    Still  farther  to  the  sonth,  between 
Ashness  and  Watendlath  Beck,  an  anticlinal  fold  is  formed,  and  the 
same  strata  are  again  exhibited.     Here  the  lower  red  breccias  are 
seen  nearly  horizontal  and  overlain  by  the  green  breodas,  botii  fold- 
ing over  ultimately  towards  the  south,  but  at  extremely  low  angles. 
The  bedding  is  very  well  displayed,  and  the  breccias  continue  to  be 
visible  till  Watendlath  Beck  is  reached.    Here  a  fault  seems  to 
come  on,  running  in  an  E.N.E.  and  W.S.W.  direction,  across  the 
southern  end  of  Ashness  FelL     The  evidence  of  this  fault  is  found 
in  the  occurrence  again  of  the  lower  members  of  the  Green-slate 
series  in  the  lower  part  of  the  Watendlath  valley.    Between  Low- 
dore  Inn  and  the  Waterfall  are  seen  the  Skiddaw  Slates,  a  good  deal 
twisted  and  broken.    These  are  overlain  by  a  massive  diu^-green 
felspathic  trap,  which  forms  the  northern  end  of  Brown  Dodd,  and 
over  which  Watendlath  Beck  is  precipitated  to  form  Lowdore  Water- 
falL    This  trap  continues  up  the  stream  for  some  distance ;  and  is 
succeeded  at  Thwaite  House  by  a  series  of  cleaved  green  breooas, 
with  some  trappean  beds,  the  former  having  a  vertical  deavage,  and 
the  whole  dipping  S.S.E.  at  20°.     With  the  higher  part  of  the 
Watendlath  Beck  I  am  not  well  acquainted  ;  but  at  the  village  of 
Watendlath,  about  a  mile  and  a  half  above  Lowdore,  there  comes  on 
again  a  great  series  of  slates  and  breccias,  also  with  a  southerly  dip, 
so  that  it  is  most  probable  that  a  second  E.N.E.  and  W.S.W.  fault 
produces  another  repetition  of  the  same  beds. 

The  probable  relations  of  the  lower  members  of  the  Green-shite 
series  in  this  intricate  district  are  shown  in  the  subjoined  sketch 
section  from  Keswick  to  Watendlath  (fig.  2).  Whether  this  is  strictly 
correct  in  all  particulars  or  not,  it  appears  quite  certain  that  the 
following  relationships  exist  between  the  beds  in  Borrowdale  and  on 
the  east  side  of  Derwentwater : — 1.  The  trap  of  Castle  Head  is  the 
lowest  member  of  the  series,  and  is  the  same  bed  which  occurs  at 
Lowdore,  this  in  turn  being  identical  with  the  trap  of  Grange  Fell 
and  the  Hollows  in  Borrowdale,  and  of  Bale  Head  in  the  Gatesgarth 
valley.  2.  The  massive  red  and  green  breccias  which  are  seen  in 
Wallow  Crag,  Falcon  Crag,  at  Barrow  Waterfall,  and  at  Ashness 
are  the  equivalent  of  the  great  slate-band  of  Borrowdale  and  Honi- 
ster.  The  slaty  cleavage  is  only  partially  developed,  and  is  some- 
times absent ;  but  in  other  respects  the  rocks  are  the  same,  and  they 
correspond  to  each  other  in  stratigraphical  position.     3.  The  trap 
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which  fomiB  the  Bxunmit  of  Wallow  Crag  and  Falcon  Crag  corre- 
sponds to  that  which  saooeeds  the  great  slate-hand  of  Honister,  in. 
Seatoller  Pell.  4.  The  slates  and  hreccias  which  occur  in  the  lower 
part  of  the  Watendlath  valley,  and  again  at  Watendlath  Tillage,  are 
nndonhtedly  the  equivalents  of  the  Borrowdale  Slates.  At  Watend- 
la&  village  this  hfuad  appears  to  he  shifted  considerably  to  the  south, 
since  it  can  be  traced  across  the  southern  end  of  Brund  Fell  nearly 
as  far  as  Eosthwaite,  in  Borrowdale ;  and  the  prolongation  of  this 
line  of  strike  would  carry  it  out  to  SeatoUer,  whereas  the  slates 
on  the  western  side  of  Borrowdale  do  not  eictend  further  to  the 
south  than  Castle  Crag,  about  a  mile  to  the  north  of  Seatoller. 

Fig.  2. — Section  from  Keswick  to  Watendlath.    Distance  four  miles. 

CMtle-  OrMt     Wallow 

Wood.       Cng. 


a.  Skiddaw  SUtes. 

b.  Lowest  trap  of  the  Green-elate  seriee. 

0.  Aflbes,  breodaB,  and  amygdaloids,  with  some  trappean  beds. 
d.  Second  trap  of  the  G-reen-slate  series. 


III.  Lower  portion  of  the  Ghreen-slate  Series  between  Keswick  and 
the  Vale  of  St.  John. 

Crossing  the  north  and  south  ridge  which  divides  the  depression 
in  which  Derwentwater  is  situated  from  the  parallel  valley  of 
Naddle  Beck,  the  base  of  the  Green-slate  series  is  seen  dose  to  the 
farm  of  Rake  Foot  in  the  form  of  a  greenish  grey  felspathic  trap, 
which  is  continuous  to  the  west  with  the  trap  of  Castle  Head,  and 
is  traceable  eastwards  into  the  valley  of  Naddle  Beck.  Here,  close 
to  a  feurm  called  Dale-bottom,  it  is  seen  resting  upon  the  Skiddaw 
Slates  in  the  course  of  a  small  stream  which  flows  down  from  a  hill 
known  as  the  Pike.  In  both  places  this  lowest  trap  is  overlain  by 
a  series  of  red  and  green  breccias,  which,  however,  are  of  consider- 
ably less  thickness  than  farther  to  the  west  in  Wallow  Crag.  Inter- 
calated in  these  breccias  in  the  Pike  is  a  large  mass  of  felspathic 
trap,  sometimes  porphyritic ;  and  this  is  succeeded  by  an  exceedingly 
fine  amygdaloid,  the  cavities  of  which  are  sometimes  of  very  laige 
size,  and  are  filled  either  with  calc-spar  or  with  agatescent  quartz. 
The  strata  which  form  the  Pike  are,  thus,  essentially  the  same  as 
those  which  occur  in  Wallow  Crag;  but  the  breccias  have  to  a  great 
extent  thinned  out  in  their  passage  eastwards. 

Southwards,  the  strata  which  form  the  Pike  are  succeeded  by  a 
great  series  of  bedded  traps  with  a  few  ashy  beds,  the  former  greatly 
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pTedominating.  These  beds  form  the  whole  of  Brackenriggs  Fell  as 
fiEir  as  Shoultiiwaite  GilL  They  vary  much  in  character^  bdng 
aometiines  compact  and  fine-grained,  at.  other  times  highly  porphy- 
ritic.  In  places  the  bedding  is  well  shown,  the  dip  being  S.S^.  at 
25^  to  dO°.  At  Shoulthwaite  a  synclinal  fold  occnrs ;  and  in  proceed- 
ing np  Shoulthwaite  Gill  we  have  a  repetition  of  these  bedded  trapSy 
with  a  few  ashy  and  brecdated  beds,  the  sheets  of  trap  dipping 
northwards  at  angles  of  from  20°  to  30^.  This  northerly  inclination 
is  particularly  wdl  exhibited  in  the  flanks  of  the  Benn  and  Low 
Bank,  on  the  eastern  side  of  the  valleyy  and  of  Castlerigg  Fell  and 
Bleabery  Fell,  on  the  western  side. 

lY.  Lower  portion  of  the  Oreen^laU  Series  in  the  Vale  of  St.  John. 

The  north  and  south  ridge  which  separates  the  valleys  of  Naddle 
Beck  and  the  vale  of  St.  John,  exhibits  a  very  dear  section  of  the 
lower  portion  of  the  Green-slate  series  (fig.  3).  The  extreme  northern 
end  of  this  ridge,  known  as  Low  Kigg,  is  entirely  composed  of  the 
intrusive  syenite  which  I  have  described  as  occupying  the  mouth  of 
the  vale  of  St.  John  (Quart  Joum.  Geol.  Soc.  vol.  xxv.  p.  435). 
Southwards  the  syenite  ia  succeeded  at  the  Chapel  of  St.  John  by  a 
compact,  fine-grained,  dark-green,  felspathic  trap,  which  forms  the 
northern  end  of  Naddle  Fell,  and  is  well  seen  above  the  farm  of 
Bake  How.  This  trap  is  the  lowest  member  of  the  Green-slate 
series  ;  and  it  forms  a  tabular  mass  of  considerable  thickness,  which 
dips  S.S.E.  at  about  30°.  It  is  not,  however,  succeeded  by  ashes 
and  brecdas,  as  in  Borrowdale  and  at  Keswick ;  but  it  is  overlain  by 
a  great  series  of  febpathic  traps  and  greenstones,  which  form  the 
whole  of  Naddle  Fell  and  High  Bigg,  on  the  western  side  of  the  Yale 
of  St.  John.  Occasionally  there  occur  thin  bands  of  ash,  as  at  Soa- 
gill  and  Low  Bridge  End ;  and  at  this  latter  place  the  ash  is  highly 
amygdaloidaL  This  succession  of  bedded  traps  is  exceedingly  well 
displayed  along  the  flanks  of  Naddle  Fell,  forming  a  series  of  oblique 
terraces,  which  dip  S.S.E.  at  about  30^ ;  and  a  similar  sequence  of 
beds,  though  not  in  so  marked  a  form,  appears  to  obtain  in  Wan- 
thwaite  Crag,  on  the  eastern  side  of  the  valley.  The  traps  of  Naddle 
Fell  vary  a  good  deal  in  lithological  characters,  being  usually  more 
or  less  porphyritic  and  containing  a  considerable  quantity  of  horn- 
blende. At  the  southern  end  of  Naddle  Fell  there  is  a  highly  por- 
phyritic trap,  which  dosely  resembles  some  of  the  beds  seen  near 
Aira  Force ;  and  this  is  overlain  in  Warren  Crag  by  a  great  mass  of 
greenstone,  which  seems  to  be  a  continuation  of  the  celebrated  Castle 
Crag,  on  the  eastern  side  of  the  valley.  If  this  is  the  case,  however, 
it  is  shifted  to  the  north  by  a  fault.  The  whole  series  of  traps  is 
succeeded  dose  to  Smeathwaite  Bridge  by  bedded  felspathic  ashes, 
which  dip  S.S.E.  at  45°.  Continuing  the  section  from  Smeathwaite 
Bridge  down  the  western  side  of  Thirlmere,  we  cross  again  a  similar 
series  of  traps  and  greenstones  to  those  which  occur  in  the  Yale  of 
St  John,  the  repetition  being  doubtless  due  to  the  occurrence  of  a 
syndinal,  though  it  is  extremdy  difficult  to  make  out  any  dips . 
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Hardly  any  traces  of  ash-beds  can  be  disoovered ;  and  the  series  here 
consists  of  a  snocession  of  traps,  most  of  which  are  highly  por- 
phyritic. 

The  general  sequence  of  beds  in  the 
Yale  of  St.  John  is  indicated  in  the  an- 
nexed section  (fig.  3),  from  which  it 
will  be  seen  that  the  great  slate-band 
of  Honister  and  fiorrowdale  has  now 
almost  completely  thinned  out,  its 
place  being  taken  by  bedded  traps. 

V.  Lower  portion  of  the  Oreen-slate 
Series  in  MatUrddU, 

Eastwards  from  the  Yale  of  St.  John 
the  lower  beds  of  the  Green-slate  series 
maintain  much  the  same  characters, 
the  absence  of  any  well-marked  and 
conspicuous  band  of  slates  still  holding 
good.  No  continuous  and  complete 
section,  however,  can  be  obtained. 

If  we  follow  up  a  stream  known  as 
Mosedale  Beck,  which  divides  Threl- 
keld  Common  from  Flaska  Moor,  to- 
wards the  head  of  the  stream  the 
Skiddaw  Slates  are  seen  to  be  suc- 
ceeded to  the  south  by  a  mass  of  fel- 
spathic  greenstone,  which  forms  the 
striking  eminence  known  as  Wolf 
Crags,  and  which  constitutes  the  base 
of  the  Green-slate  series.  Still  further 
to  the  west,  in  the  course  of  Trout- 
beck  Beck,  about  a  mile  to  the  south 
of  Troutbeck  village,  the  base  of  the 
Green  Slates  is  foand  to  succeed  the 
Skiddaw  Slates  in  the  form  of  a 
greenish-grey  felspathic  trap,  in  part 
very  ashy,  and  decomposing  very 
readily.  This  is  followed  by  ash-beds 
of  small  thickness ;  and  these  in  turn 
are  surmounted  by  a  great  mass  of 
porphyritic  greenstone.  Between  this 
point  and  Ulleswater  no  beds  are  ex- 
posed except  detached  masses  of  trap,  the  best  section  of  which  is 
afforded  by  Aira  Beck.  From  Thomeythwaite  by  Dockwray,  and 
in  the  course  of  Aira  Beck  itself,  no  slates  or  ash-beds  are  visible ; 
but  there  is  a  constant  succession  of  traps.  These  vary  much  in 
character,  but  are  mostly  highly  porphyritic,  containing  numerous 
crystals  of  white  or  orange  felspar,  and  generally  a  good  deal  of 
hornblende.     Before  reaching  Ulleswater,  however,  on  the  southern 
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dde  of  Glencoin  Park,  there  comes  on  a  well-niarked  band  of  slates 
and  ashee,  the  inclination  of  which  appears  to  be  northwards.  This 
would  render  it  probable  that  the  synclinal  axis  which  crosBes  the 
vale  of  St.  John  is  prolonged  eastwards  as  far  as  Dockwray ;  bat 
there  are  no  signs  of  these  slates  to  the  north  of  Dockwray. 

YL  Lower  portion  of  the  Oreen-slate  Series  in  Eyoott  EUL 

Leaving  the  main  area  of  the  Green  Slates  and  Porphyries  for  a 
moment,  an  excellent  exhibition  of  the  lower  part  of  this  group  is 
afforded  in  a  m^ed  hill,  known  as  Eycott  Hill,  about  a  mile  and  a 
half  to  the  north  of  Troutbeck  Station.  North  of  Troutbeck  Station 
for  some  distance  the  country  is  undulating  and  moory,  and  the 
stream-sections  exhibit  nothing  but  drift.  There  can  be  no  ques- 
tion, however,  that  this  area  is  occupied  by  the  Skiddaw  Slates,  since 
these  are  seen  close  to  the  Station,  striking  in  this  direction,  and 
dipping  N.N.W.  at  50^  When  Greenah  Moss  is  reached,  a  low 
range  of  craggy  hills  commences,  trending  N.W.  and  S.E.  These 
are  composed  of  green  slates  and  porphyries,  which  begin  near 
Greenah  Crag,  rise  in  the  centre  into  Eycott  Hill  (1131  feet),  and 
sink  again  towards  Hurrah. 

The  general  structure  of  this  range  is  well  exhibited  in  a  little 
stream  which  flows  down  from  Eycott  Hill,  and  which  displays  the 
foUowing  sequence  of  beds  in  ascending  order : — 

1.  Bedded  felspathic  ashes,  3  or  4  feet  in  thickness. 

2.  A  porphyritic  trap,  containing  small  crystals  of  felspar,  about 
20  feet. 

3.  Bedded  felspathic  ashes  (about  15  feet),  dipping  N.E.  at  30"*. 

4.  A  magnificent  bedded  amygdaloidal  and  porphyritic  trap, 
sometimes  rudely  columnar.  The  base  of  this  beautiful  rock  is 
composed  of  fine-grained  dark-green  matrix,  with  numerous  specks 
of  hornblende.  Scattered  through  this  are  very  nimierous  and  large 
crystals  of  a  light-green  or  olive-coloured  felspar,  the  length  of 
which  varies  from  -J-  up  to  as  much  as  ^  an  inch.  The  whole  rock 
exhibits  also  a  considerable  number  of  amygdaloidal  cavities,  some 
of  which  are  filled  with  calo-spar,  whilst  others  contain  silica  in  a 
form  nearly  approaching  to  opal.  Some  of  the  larger  vesicles  are 
filled  centrally  with  calc-spar,  with  an  outer  covering  of  chalcedony. 

5.  Compact  felspathic  trap,  dark  green  in  colour,  and  containing 
many  long  crystals  of  glassy  felspar. 

6.  Ashy  beds,  in  part  conglomeratic,  with  pebbles  of  trap. 

7.  Amygdaloidal  ashes,  the  cavities  of  which  are  sinuous  and 
drawn  out,  and  are  filled  vrith  chalcedony,  calc-spar,  or  some  hom- 
blendic  mineral.  The  matrix  of  these  beds  appears  to  contain  a 
small  quantity  of  carbonate  of  lime,  as  it  effervesces  slightly  with 
acids. 

8.  A  series  of  bedded  felspathic  traps,  usually  containing  nume- 
rous minute  crystals  of  febpar. 

The  further  sequence  of  the  rocks  in  this  section  is  now  hidden 
by  the  Scar  Limestone,  which  comes  on  close  to  the  road  between 
Berrier  and  Murrah.     The  entire  length  of  the  section  is  little  short 
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of  a  mile ;  and  if  we  take  30°  as  the  average  angle  of  dip,  this  would 
give  a  tliickness  of  probably  about  2000  feet,  making  some  deduc- 
tion for  possible  flexures.  Throughout  this  thickness,  however, 
there  is  no  well-marked  band  of  slate,  and  in  &ct  nothing  of  a  slaty 
nature,  with  the  exception  of  the  small  ashy  beds  above  alluded  to. 
The  absence,  therefore^  of  any  horizon  eqtdvalent  to  the  great  slate- 
band  of  Borrowdale  is  worthy  of  notice ;  and  the  same  obtains  farther 
to  the  N.W.  in  the  Caldbeck  Fells,  of  which^  indeed,  Eycott  Hill  is 
only  a  continuation. 

YII.  Lower  jportion  of  the  Qreen^shte  Series  between  UUeswater  and 
ffaweswater. 

The  general  direction  of  UUeswater  is  N.£.  and  S.W.,  pretty  nearly 
corresponding  with  tiie  strike  of  the  Silurian  rocks  of  the  district ; 
and  the  lower  reach,  at  any  rate,  is  placed  in  a  depression  which  co- 
incides with  a  line  either  of  folding  or  of  faulting.  This  is  shown 
by  the  occurrence  of  a  small  area  of  Skiddaw  Slates  immediately  to 
to  the  south-east  of  Pooley,  the  occurrence  of  these  strata  here 
being  most  probably  due  to  an  E.N.E.  and  W.S.W.  fault,  but  being 
possibly  caused  by  an  anticlinal  fold.  These,  in  turn,  are  followed 
to  the  south-east  by  the  lower  members  of  the  Green-slate  series. 

In  ascending  Aik-beck  (or  Eggbeck),  a  small  stream  which  flows 
into  UUeswater  from  the  south,  close  to  Pooley,  the  first  rocks  exposed 
in  situ  are  the  upper  shaly  beds  of  the  Skiddaw  Slates,  somewhat  con- 
torted, but  having  a  general  dip  to  the  S.S.E.  at  high  angles  (fig.  4), 
The  Skiddaw  Slates  are  succeeded  by  bedded  fekpathic  ashes,  not 
more  than  a  few  feet  in  thickness,  which  graduate  upwards  into  a 
felspathic  trap.  This  trap,  when  unweathered,  consists  of  a  light 
greenish-grey  felspathic  matrix,  containing  minute  specks  of  horn- 
blende and  Boattei^  crystals  of  felspar.  When  weatiiered  it  is  of  a 
brownish-green  colour  with  orange  spots.  Beds  of  ashes,  with  a 
band  of  grey  felspathic  trap,  succeed,  and  then  a  series  of  coarse 
felspathic  a^es,  dipping  S.S.E.  at  40°.  These  ashes,  with  some 
intercalated  trappean  bands,  continue  up  the  stream  for  a  consider- 
able distance,  when  they  are  overlain  by  a  thick  mass  of  felspathic 
trap  of  a  greenish-grey  colour.  This  is,  in  turn,  surmoimted  by  an 
ashy  conglomerate,  composed  of  a  dark-green  matrix  with  numerous 
yeUow  spots,  enclosing  many  smaU  pebbles,  apparentiy  composed  of 
trap.  ^Diis  conglomeratic  ash  passes  into  beds  of  coarse  ash,  which 
continue  up  the  stream  as  far  as  any  rocks  are  exposed. 

Beyond  the  summit  of  the  watershed  there  are  few  rock-expo- 
suree ;  but  Arthur's  Pike,  an  eminence  about  half  a  mile  to  the 
south-west,  is  found  to  consiBt  of  a  cleaved  felspathic  breccia,  of  a  green 
colour,  very  similar  in  every  respect  to  the  Borrowdale  Slates. 

Whitestone  Moor,  to  the  soul^  of  this,  exhibits  no  rock  in  situ ; 
but  in  the  upper  part  of  Heltondale  Beck  are  seen  felspathic  ashes 
and  traps,  apparentiy  dipping  northwards,  and  very  simUar  to  the 
beds  which  occupy  the  higher  part  of  Aik  Beck.  It  would  appear, 
therefore,  that  there  is  a  synclinal  axis  crossing  Whitostone  Moor 
in  an  E.N.E.  and  W.S.W.  direction. 
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About  a  mile  to  the  south  of  Heltondale  Beck,  and  running  pa- 
rallel with  it,  is  a  second  valley,  called  Cot- 
dale,  the  intervening  ridge  showing  no  rod^- 
exposure.  Both  sides  of  Cordale  are  oocupiad 
by  slaty  beds,  which  8trikeKNJB.andW.S.W., 
and  hare  an  apparent  dip  to  tiie  N  J^.W.  at 
55°.  These  beds  have  been  pretty  laigdj 
worked  for  slate  in  the  upper  part  of  Cordale, 
and  they  consist  partly  of  ordinary  green  slate 
and  partly  of  a  cleaved  purple  breccia,  very 
similar  to  that  worked  in  Borrowdale  in  aU 
except  its  colour.  There  can  be  little  doubt 
that  these  Cordale  Slates,  though  not  dearly 
represented  in  Aik  Beck,  are  really  the  lowest 
slate-band  in  the  series,  and  that  they  are  a 
repetition  to  the  south  of  the  great  slate-band 
which  is  worked  at  the  head  of  Ulleswater, 
near  Fatterdale,  and  which  is  feebly  repre- 
sented in  Arthur's  Pike. 

To  the  south  of  Cordale  oome  on  eoane 
felspathic  ashes,  still  dipping  northwards;  and 
these  are  again  followed  by  a  varied  and  thick 
series  of  bedded  traps  and  ashes,  which  occupy 
I  the  hilly  ground  round  littlewater,  directly 
—  to  the  north  of  the  foot  of  Haweswater.  In 
this  region  the  traps  and  ash-beds  succeed  one 
another  rapidly,  and  vaiy  greatly  in  litholo- 
gical  characters,  all,  however,  dipping  N  J^.  W. 
The  ashes  are  sometimes  fine-grained,  some- 
times brecciated,  and  sometimes  amygdaloidal ; 
the  traps  are  green  or  purple  in  colour,  and 
are  mostly  highly  porphyritic 
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VUL  Lower  portion  of  the  Oreen-slat^  Series 
in  the  neighbourhood  of  SIuip, 

Owing  either  to  folding  or,  more  probably, 
to  faults,  in  one  instance  at  any  rate,  the 
Skiddaw  Slates,  and  with  them  the  lower 
beds  of  the  Green  Slates  and  Porphyries,  are 
exposed  in  three  distinct  areas  to  the  south- 
east of  Haweswater.  The  best  section,  as 
exhibiting  the  relations  of  two  of  these  areas, 
IB  to  be  found  in  the  river  Lowther  and  its  tri- 
butaries, to  the  west  and  south-west  of  Shap 
(fig.  5).  Commencing  at  Shap  Abbey,  there  is 
shown  in  the  bed  of  the  stream,  just  above 
the  Abbey  Mill,  an  earthy  trap  with  some 
felspathic  ashes,  both  deeply  reddened  by  the 
overlying  conglomerates  of  Old  Red  Sand- 
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stone.  Above  this  point  the  stream  cats,  for  about  a  quarter  of 
a  mile,  through  glacial  drift  containing  many  blocks  of  trap  and 
pieces  of  Skiddaw  Slate.  Here  a  little  stream  flows  into  the  Lowther 
from  the  west,  and  exhibits  the  Skiddaw  Slates  a  good  deal  contorted, 
but  dipping  on  the  whole  S.S.E.  These  are  almost  immediately 
succeed^  by  a  greenish-grey  fine-grained  felspathic  trap,  which 
forms  the  base  of  the  Green-idate  series.  This  is  sometimes  slightly 
homblendic,  and  with  some  coarse  ashy-looking  beds  occupies  the 
ground  up  to  the  mouth  of  Keld  Beck,  also  flowing  into  the  Lowther 
from  the  west.  Nearly  half  a  mile  to  the  south-east  of  Keld  Beck 
is  a  third  tributary,  called  Thomship  Beck ;  but  the  ground  between 
these  two  streams  is  moory,  and  exhibits  only  a  few  scattered  bosses 
of  trap.  In  Thomship  Beck,  at  its  head,  are  seen  bedded  felspathic 
ashes,  sometimes  purple,  sometimes  green,  with  veins  of  quartz,  and 
nodules  of  bright  red  jasper,  and  having  intercalated  amongst  them 
one  or  two  beds  of  trap.  In  the  lower  part  of  Thomship  Beck  the 
Skiddaw  Slates  again  come  on,  and  have  been  worked  for  slate- 
pencils.  Their  appearance  here  would  appear  to  be  most  probably 
due  to  faulting,  the  dip  varying  a  good  deal ;  but  at  the  quarries 
there  is  a  small  anticlinal.  The  country  to  the  south-west  of  Thom- 
ship Beck  is  very  moory,  and  no  rocks  are  seen  in  situ  except  a 
small  exposure  of  a  greenish-grey  felspathic  trap  at  the  mouth  of 
Thomship  Beck.  The  termination  upwards  of  the  Skiddaw  Slates 
is  therefore  not  seen.  The  next  exposure  of  rock  is  at  a  farm- 
house called  Kemp-how,  situated  on  the  Lowther,  about  half  a  mile 
to  the  south-west  of  Thomship  Beck.  Between  this  point  and 
Cragg's  Mill  there  is  a  fine  section  of  some  of  the  lower  beds  of 
the  Green-slate  series,  consisting  entirely  of  ashes  and  breccias, 
all  highly  cleaved.  Some  of  the  ash-beds  have  the  ordinary  cha- 
racters of  the  "  green  slates ;"  others  are  breccias,  in  which  the 
included  fragments  consist  entirely  of  ash ;  and  others  are  amyg- 
daloidal,  containing  numerous  sinuous  vesicles,  which  are  either 
empty  or  filled  with  quartz.  The  strike  of  the  beds  is  a  good 
deal  deranged,  varying  from  S.S.W.  and  N.N.E.,  through  E.N.E. 
and  W.S.W.,  to  nearly  due  W.  and  E.,  the  cleavage  throughout 
being  nearly  vertical. 

From  the  position  of  these  beds  there  can  be  no  doubt  of  their 
being  the  equivalent  of  the  great  slate-band  of  Honister  and  Bor- 
rowdale ;  and  they  thus  afford  a  usefol  guide  in  mapping  this  region. 
They  can  be  traced  to  the  south-west  along  the  northern  side  of  Wet 
Sleddale,  through  the  higher  part  of  Swindale,  across  the  head  of 
Long  Sleddale  (in  the  Gatesgarth  Pass),  across  Kentmere  (near  the 
Eeservoir),  and  across  the  head  of  Troutbeck ;  and  I  have  little  doubt 
of  their  identity  with  the  great  band  of  slates  which  is  worked 
between  B.ydal  and  Grasmere,  and  again  still  further  to  the  south- 
west in  TUberthwaite,  and  in  the  Dunnerdale  FeUs.  In  all  these 
localities  I  believe  that  these  slates  point  to  an  horizon  very  close  to 
the  base  of  the  whole  series  of  the  Green  Slates  and  Porphyries, 
though  not  far  removed  from  the  southem  limits  of  the  great  area 
occupied  by  this  formation. 
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The  general  Bequence  of  rooks  near  Sbap,  as  above  described,  is 
shown  in  the  subjoined  section  (fig.  5). 

Fig.  B.-Section  frtm  Shap  Abbey  to  Wet  SledddU, 
Distance  two  miles. 

N.W.  SlupAbbflj.  KddBeek.  ThomUp  Beck.      Kemp  How.  O 
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a.  Skiddaw  SUtet. 

b.  LowMt  trap  of  the  GreeD-tlate  aeries. 

c.  Slfttee  and  breocias  f  —  Borrowdale  Slates). 

d.  Trap  belonging  to  tke  Green-slate  series. 

«.  Conglomerates  belonging  to  the  Old  Bed  Sandstone. 
f.  Base  of  the  Soar-limMtone  series. 


2.  Observations  on  some  YBemABLS  Fossils  from  Yigtobia.     By 
Dr.  FsBBiFABD  Ton  MtLLEB  and  R.  BsoroH  SnTH,  Esq.,  F.6.S. 

(The  publication  of  this  paper  is  deferred.) 

•  [Abstract.] 

Mr.  Smtth  stated  that  tlie  fossils,  of  which  specimens  were  for- 
warded by  him,  were  obtained  in  one  of  the  deep  leads  at  Haddon, 
near  Smjthesdale.  No  leaves  have  been  obtained  from  the  bed, 
which  consists  of  a  greyish-black  clay ;  the  fruits  and  seed-yessels 
were  obtained  about  180  feet  from  the  surface,  and  represent  a  flora 
not  very  dissimilar  to  that  now  characterizing  some  parts  of  Queens- 
land. The  specimens  sent  include  the  fruits  of  a  supposed  new 
genus  of  Coniferse,  described  by  Dr.  yon  Miiller  under  the  name  of 
Spondylosirobus,  It  is  most  nearly  allied  to  SolenostrobuSy  Bower- 
bank  ;  but  its  five  valves  are  not  keeled.  The  columella  forms  the 
main  body  of  the  fruit ;  and  the  seeds  are  apparently  solitary.  The 
species  was  named  Spondylostrobus  Smythii.  The  remaining  spe- 
cimens consisted  of: — a  solitary  fruit  of  a  genus  of  Yerbenaceae ;  an 
indehiscent  compressed  fruit,  probably  belonging  to  the  proteaceous 
genus  Hdida ;  a  nut  nearly  allied  to  the  preceding ;  a  large,  sphe- 
rical, unilocular,  3-seeded  nut  with  a  thick  pericarp,  perhaps  from 
a  Gapparidaceous  plant ;  a  5-vaJved  capsule  of  an  unlmown  genus  ; 
and  fhdt-valves  of  three  other  plants,  probably  belonging  to  the 
Sapindaceee,  and  perhaps  allied  to  Guparda,  One  of  ti^e  last  may 
belong  to  the  Meliciaceous  genus  Dysoxylon,  Dr.  Miiller  considered' 
that  ^ese  remains  indicate  a  former  flora  analogous  to  that  of  the 
existing  forest-belt  of  Eastern  Australia. 
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3.  Note  on  some  PLBSiosAimuK  Eemadts  obtained  by  J.  G.  Mansbl, 
Esq.,  F.G.S.,  in  KiiorERiDGB  Bat,  Dobset.     By  J.  W.  Hvlke, 

Esq.,  r.E.s.,  r.G.s. 

(Platb  xn.) 

These  remains  form  part  of  the  rich  series  of  Enaliosaurian  fossils 
obtained  from  Eimmeridge  Bay,  by  J.  C.  Mansel,  Esq.,  to  whose 
oonrtesy  I  am  indebted  for  the  opportonity  of  bringing  them  under 
yonr  notice.  They  consist  of  five  yertebrse,  fonr  of  which  are 
nearly  entire,  with  pieces  of  several  ribs,  a  digital  phalanx,  and  a 
carpal  bone  (?),  imbedded  in  two  slabs  of  day-stone,  indicating  an 
undescribed  species  of  PZ«»o«aurtw,— and  of  a  large  number  of 
associated  bones  representing  another  species  characterized  more 
particularly  by  the  proportions  and  peculiar  construction  of  its  pad- 
dles, which  sharply  separate  it  from  the  typical  PUsiosauri  of  the 
lias,  and  show  an  extremely  close  affinity  with  Pliosaurus. 

Plesiosaubtts  bbachistospokdtltts  (PL  XTJ.  figs.  7-9). 

The  middle  dorsal  vertebrsB  (the  only  ones  in  Mr.  Hansel's  collec- 
tion) of  the  species  for  which  I  propose  this  name,  are  characterized 
by  the  extreme  shortness  of  the  centrum,  which  in  three  of  the  ver- 
tebrsB  lying  in  one  slab  has  a  length,  or  antero-posterior  diameter, 
of  1  inch  only,  measured  along  the  outer,  non-articular  surface. 
The  length 4)f  tiie  fourth  centrum, in  the  other  slab,  is  -3  inch  more; 
but  this  centrum  is  a  little  obliquely  distorted  by  pressure.  The 
breadths  (or  horizontal  transverse  diameters)  of  the  centra  are  re- 
spectively 4*6,  4-5,  4-3,  4*4  inches ;  and  their  heights  (or  vertical 
diameters)  are  4,  4,  3*8  inches. 

Length.  Height.  Breadth. 

Centrum.  inch.  inches.  inches. 

No.  1 1  ....     4        ....     4*6 

No.  2 1  4*6 

No.  3 1  ....     4        ....     4*3 

No.  4 1*3  ....     3*8     ....     4*4 

No.  1.      No.  2. 

T     -^t    i.  j_  f  upper  border    3*1        2*7 

length  of  transverse  process  I  j^^^^^^^^^^    3.^         ^.^ 

Span  between  ends  of  transverse  processes  6*7  inches. 
Height  of  neural  spine  about  3*6  inches. 

Height  of  entire  vertebra  from  lower  border  of  centrum  to  top  of 
neural  spine  about  9*4  inches. 

These  centra  are  therefore  about  four  and  a  half  times  as 
broad,  and  nearly  four  times  as  high  as  they  are  long — ^proportions 
which  I  have  not  found  in  any  other  Pleslosaurus.  The  articular 
&ces  are  gently  swollen  near  tiie  circumference,  and  hollow  at  the 
middle,  where  the  distance  between  the  two  faces  in  one  centrum 
measures  *7  inch.     These  proportions  and  the  hollow  articular  faces 
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give  the  centra  some  resemblance  to  those  of  Ichthyosanrian  Ter- 
tcbne,  from  which,  however,  they  may  be  at  once  distuignished  by 
the  absence  of  costal  tnberdes  from  tiie  outer  smface,  and  by  tiie 
circumferential  swelling  of  the  articular  face.  But  these  vertebrs 
are  sharply  differentiated  from  those  of  Ickthyowunu  by  their 
anchylosed  neurapophyses  bearing  long  transrerse  processes.  These 
are  laterally  compressed  blades  directed  upwards  and  outwards  from 
the  neural  arch.  Their  outer  end  is  slightly  swollen,  and  cut 
obliquely,  which  makes  the  upper  border  of  the  process  longer  than 
the  lower  one,  and  gives  the  terminal  rib-bearing  surface  an  almost 
directly  outward  aspect 

The  anterior  articular  processes  spring  from  the  crown  of  the  arch, 
immediately  above  the  neural  canal.  Their  lower  ends  meet,  and 
their  upper  ones  are  incurved,  so  that  together  the  two  prezygapo- 
physes  form  about  two-thirds  of  a  circle,  each  half  of  which  looks 
inwards  and  embraces  the  corresponding  posterior  articular  process, 
the  shape  of  which,  and  the  aspect  of  its  articulating  surface,  arc 
the  counterparts  of  those  of  the  anterior  one.  The  posterior  arti- 
cular processes  spring  from  the  back  of  the  arch  just  below  the 
root  of  the  neural  spine,  in  a  rather  higher  levd  than  that  of  the 
anterior.     The  neural  spines  are  long  and  straight 

The  ribs  have  a  simple  flattened  head,  separated  by  a  slight  oon- 
striction  from  the  angle  3^  inches  distant,  beyond  which  they  sweep 
outwards  and  downwards  in  an  even  curve.  Their  upper,  convex 
border  is  thick,  the  lower  one  is  thin,  and  a  shallow  groove  paralld 
to  the  upper  one  channels  the  surface  of  the  rib. 

The  digital  phalanx  had  the  usual  cylindrical  figure,  with  con- 
stricted middle  of  a  Plesiosaurian  digit-bone.  It  is  1*5  loug,  *9 
broad  at  ends,  *5  broad  at  middle. 

Plbsiosatjbtts  Mahselu  (PL  XLI.  figs.  1-6). 

In  November  1868  Mr.  Mansel  kindly  sent  me  for  examination 
a  large  series  of  vertebrsB,  evidently  comprising  the  greater  part  of 
the  spinal  column  of  a  Plesiosaurus,  with  pieces  of  the  two  humeri, 
and  several  incomplete  fiat  bones,  which  some  years  before  had  been 
discovered  in  the  difis  east  of  Glavell'e  Tower,  in  Eimmeridge  Bay. 

Mr.  Mansel  informed  me  that  he  had  himself  supervised  their  ex- 
humation, and  that  the  bones  were  associated  in  such  a  manner  as  to 
leave  no  doubt  in  his  mind  that  they  had  all  belonged  to  one  indi- 
vidual ;  and  he  also  mentioned  that,  under  the  impression  that  they 
werePliosaurian  remains,  he  had  enclosed  the  four  great  paddle-bones 
with  carpals  and  many  phalanges  in  a  case  of  Pliosaurian  fossils 
which  he  had  presented  to  the  British  Museum.  It  was  Mr.  Man- 
sel's  first  impression  that  all  the  four  limb-bones  had  been  enclosed 
in  this  case ;  but  the  parts  actually  sent  were  the  nearly  complete 
left  femur,  the  proximal  half  of  the  right  one,  and  the  distal  hidf  of 
the  left  humerus.  On  recently  taking  to  the  Museum  the  proximal 
halves  of  the  humeri  which  Mr.  Mansel  sent  me  in  November  1868 
(with  the  spinal  column)  one  was  found  to  fit  exactly  the  distal 
fragment  of  the  himierus  already  in  the  Museum;  and  the  national 
collection  now  contains  the  nearly  perfect  femur  and  left  humerus 
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and  the  proximal  halvoB  of  the  right  femar  and  hnmems,  with  the 
smaUer  paddle-bones,  already  mentioned,  of  this  PlesioMunu. 

Mr.  Mansel  has  recently  seen  these  humeri  and  femora  since 
their  restoration;  and  he  has  identified  them  as  the  Hmb-bones 
which  he  exhumed  together  with  the  spinal  column  which  he  sent 
me.  Their  general  facies,  the  peculiar  texture  of  their  surface,  and 
the  correspondence  of  small  pieces  of  the  clay  still  adhering  to  IJiem, 
confirm  Mr,  Mansel's  statement  that  these  limb-bones  did  belong  to 
the  same  individual.  I  may  add  that  there  is  a  close  resemblance  in 
these  points  between  the  paddle-bones  and  the  large  flat  bones  of 
the  pelvic  and  breast-girdles.  I  have  entered  into  these  details  be- 
cause, on  account  of  the  remarkable  construction  of  the  paddles,  it  is 
important  that  their  identification  with  one  another  and  with  the 
spinal  column  should  be  as  complete  as  possible. 

Spinal  Column. — ^The  spinal  column  is  that  of  a  long-necked  Pie- 
siasaurus.  All  the  early  cervical  vertebree  have  been  subjected  to 
lateral  pressure,  which  has  flattened  the  sides  of  the  centra,  and  re- 
duced Uieir  breadth,  but  increased  their  height.  Throughout  the 
spinal  column  the  neurapophyses  have  been  broken  off  from  the 
centra,  to  which  they  were  completely  anchylosed ;  and  very  few  of 
them  have  been  recovered.  The  eighty-six  vertebrsB  which  have 
been  preserved  are  distributed  as  follows.  Twenty-seven  bear  a 
transverse  process  low  on  the  side  of  the  centrum,  and  therefore 
belong  to  the  front  of  the  neck.  Their  combined  lengths  amount  to 
nearly  5  feet ;  but  the  original  length  of  this  part  of  the  neck  was 
more  than  this,  because  several  vertebrae  behmd  the  axis  are  cer-' 
tainly  wanting,  and  there  is  another  gap  between  the  12th  and  13th 
of  the  series.  Twenty-three  have  the  transverse  process  replaced 
by  a  costal  pit,  higher  on  the  side  of  the  centrum,  or  they  have  a 
transverse  process  rising  from  the  centrum  into  the  root  of  the  neu- 
rapophysis.  These,  then,  are  transitional  vertebraB  between  the  front 
of  the  neck  and  the  trunk,  or  between  the  dorsal  and  caudal  seg- 
ments. I  am  not  acquainted  with  criteria  by  which  the  transitional 
centra  of  these  regions  can  be  certainly  distinguished,  the  prethoracic 
and  early  thoracic  from  the  lumbar  ones.  The  larger  ones  I  have 
assigned  to  the  lumbar  region,  because  their  dimensions  accord  best 
with  those  of  the  early  caudal  centra.  The  united  lengths  of  the 
transitional  vertebraB  amount  to  nearly  4  feet. 

Nineteen  have  the  transverse  process  borne  wholly  on  the  neura- 
pophysis,  and  are  reckoned  dorsal  or  mid-trunk  vertebrsB.  Their 
uniteid  lengths  give  3  feet  6  inches. 

Seventeen  are  caudals,  all  but  the  foremost  bearing  chevron-facets. 
Their  combined  length  is  2  feet  6  inches.  The  united  lengths  of 
all  the  vertebrsD  make  about  15  feet ;  and  taking  into  account  the 
known  large  gaps  in  the  neck,  and  the  probability  that  other  ver- 
tebrae are  also  missing,  the  original  length  of  the  spinal  column  will 
probably  be  not  overestimated  at  17  feet. 

The  atlas  and  axis  are  anchylosed.  A  shallow  vertical  groove  on 
their  side  indicates  their  original  separateness.  The  anterior  arti- 
cular face  of  the  atlas  is  a  cup  with  a  diameter  of  about  1*1  in.^  but 
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originally  somewhat  more,  as  the  lip  is  slightly  ahraded.  A  HtQe 
above  its  middle  there  is  a  small  deeper  pit.  The  sutures  which 
marked  the  original  distLnctnees  of  its  component  elements  are  no 
longer  traceable.  The  sides  or  outer  surfaces  of  the  conjoined  Ter- 
tebne  are  vertical ;  they  bear  a  low  horizontal  ridge,  separating  an 
upper  from  a  lower  shallow  depression ;  and  at  their  junction  with  the 
under  surfiBtce  the  atlas  has  a  strong  lateral  tubercle  represoiting  a 
transverse  process,  which  in  the  axis  is  a  well-developed  oompreeaed 
ridge  projecting  downwards  and  backwards.  A  strong  median 
tubercle  projects  downwards  and  forwards  from  the  under  surface  of 
the  atlas.  In  front  a  slight  interval  of  about  -1  inch  separates  this 
from  the  lower  margin  of  the  anterior  articular  surface ;  and  behind 
it  is  continued  into  a  narrow  median  ridge,  dividing  the  under 
surface  of  the  axis.  In  a  longitudinal  direction  the  uuder  sur£»oe 
of  the  atlas  is  slightly  convex,  and  that  of  the  axis  is  gently  con- 
cave ;  while  transversely,  between  the  median  ridge  and  the  lateral 
transverse  process,  this  sur&ce  of  the  axis  is  more  positively  hol- 
low. The  posterior  articular  face  of  the  axis  is  deeply  hollow  at 
its  middle,  while  its  lip  is  tumid.  The  neural  arches  of  both  these 
vertebr»  are  crushed  and  broken  off. 

From  the  first  to  the  thirteenth  of  the  cervical  series  all  the  ver- 
tebrse  are  slightly  distorted  by  lateral  pressure,  by  which  their  ver- 
tical diameter  has  been  slightly  increased  and  their  horizontal  one 
lessened.  All  the  neural  arches  are  gone.  The  sides  of  the  centra 
are  nearly  plane  verticaUy,  but  deeply  concave  horizontally.  The 
suture  'marking  the  lowest  limit  of  the  neurapophysiB  is  hardly 
visible,  and  in  many  quite  undistinguishable.  The  transverse  pro- 
cesses are  simple  downward-projecting  blades  attached  to  the  whole 
length  of  the  side  of  the  centrum,  anchylosed  to  it  A  hori- 
zontal line  above  the  root  of  the  blade  marks  its  junction  with 
the  centrum ;  and  above  this  line  the  side  of  the  centrum  is  deeply 
hollowed. 

In  the  ninth  of  the  cervical  series  the  distance  between  the  upper 
limit  of  the  transverse  process  and  the  lowest  limit  of  the  neurapo- 
physis  on  the  side  of  the  centrum  is  1*3  inch,  the  length,  breadth 
and  height  of  this  centrum  being  respectively  2*1, 2-4,  and  2-2  inches. 
The  under  surface  of  the  cervical  vertebrse  is  nearly  plane  trans- 
versely, broken  by  a  low  median  ridge,  on  each  side  of  which  is  a 
hoUow  pierced  by  a  vascular  foramen ;  while  axially  it  is  concave. 
The  articular  faces  are  rather  deeply  hollowed  centrally,  and  less  so 
peripherally.  Their  true  contour  is  subcordate,  the  emargination 
above  corresponding  to  the  neural  canal.  The  neurapophyses  arise 
in  the  form  of  thin  laminae  from  nearly  the  whole  lengtii  of  the 
upper  surface  of  the  centrum,  coming  rather  closer  to  the  anterior 
than  to  the  posterior  articuRr  surface.  In  the  later  vertebra  of 
the  anterior  cervical  region  the  laminae  become  shorter  antero- 
posteriorly,  and  stouter.  The  transverse  processes  are  also  stouter 
and  much  less  compressed  here ;  their  transverse  section  has  an  oval 
figure  ;  and  their  anterior  border  slants  more  backwards. 

Erom  the  twenty-seventh  of  the  cervical  series  backwards  through- 
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out  the  rest  of  the  neck,  and  in  the  vertebrsB  referred  to  the  early 
thoracic  segment  of  the  spinal  column,  no  anchylosed  transyerse 
process  occnrs ;  but  the  side  of  the  centrum  bears  a  costal  pit  at  a 
higher  leyel  than  the  line  of  attachment  of  the  transverse  processes 
in  the  earher  cervical  vertebrse.  This  pit,  when  relatively  low  on  the 
side  of  the  centrum,  is  a  circular  or  roundly  oval  hollow,  with  swollen 
edges ;  but  as  it  rises  upwards  towards  the  root  of  the  neurapophysis 
(or  descends  from  it,  in  the  case  of  the  lumbar  vertebrae)  it  becomes 
elongated  vertically,  until  its  vertical  diameter  in  some  vertebrae  is 
nearly  double  the  horizontaL  With  the  recession  of  the  transverse 
process,  and  later  of  the  costal  pit,  from  near  the  under  surface  of 
the  centrum,  this  surface  becomes  less  flattened,  it  is  more  convex 
transversely,  and  the  narrow  median  ridge  is  replaced  by  a  broader 
swelling.  The  vascular  foramina  are  in  many  instances  more  than 
two,  and  they  are  not  regularly  placed.  All  the  dorsal  vertebrae  are 
more  or  less  mutilated  and  crushed.  The  contour  of  their  centrum 
is  more  circular  than  in  the  other  regions,  owiiig  to  the  absence  of 
transverse  processes  from  its  outer  surface.  The  articular  faces 
are  gently  hollow :  their  contour  is  a  full  oval  figure,  emarginate 
above  at  the  canaL  Some  mutilated  neural  arches  severed  from 
their  centra  have  been  preserved.  The  neurapophyses  are  stout, 
shorter  antero-posteriorly  than  in  the  neck.  They  rake  slightly 
forwards.  The  transverse  processes  stand  outwards  and  upwards 
from  the  arch.  They  are  strong,  horizontally  compressed  blades, 
having  a  stout  and  straight  upper  edge,  and  a  thinner  concave  lower 
one.  Their  outer  end  expands  slightly,  and  it  is  obliquely  cut  as 
in  PlesioMurus  braehistogpondylus.  The  caudal  vertebrae  are  distin- 
guished by  the  flatness  of  the  under  surface  of  the  centrum,  as 
well  as  by  the  chevron-facets.  These  latter  are  absent  altogether 
from  the  largest  (first  ?)  caudal ;  and  the  second  to  the  fifth  of  the 
series  have  them  on  the  posterior  margin  only  ;  while  the  sixth  and 
all  those  succeeding  it  have  two  facets  on  the  anterior,  and  two  on 
the  posterior  margin.  In  the  hinder  caudals  the  four  chevron-facets 
enclose  a  deep  hollow.  The  transverse  processes  have  a  conical  base 
projecting  horizontally  from  a  prominent  tubercle  on  the  side  of  the 
centrum,  about  midway  between  its  under  surface  and  the  neurapo- 
physis. Most  of  them  are  anchylosed  to  this  tubercle,  the  line  of 
union  being  msviced  by  a  slight  cingulum.  In  a  few  of  the  hind- 
most caudate  the  transverse  processes  were  not  anchylosed  and  have 
become  detached,  discovering  a  deep  excavation  in  the  end  of  the 
process-bearing  tubercle. 

Bibs. — Of  these  a  very  large  number  of  fragments  have  been  pre- 
served. Most  of  these  represent  broad,  horizontally  compressed, 
flattened  and  channelled  ribs,  with  a.  simple,  vertically  extended, 
roughened  capitulum,  corresponding  in  shape  and  size  to  the  termi- 
nal surfaces  of  the  transverse  processes  of  tiie  middle  dorsal  region. 
A  smaller  number  of  fragments  indicate  short  subcyHndrical  ribs  with 
a  simple,  smooth,  rounded  capitulum  ;  they  are  doubtless  the  flanking 
ribs  detached  from  the  prethoracic  and  lumbar  vertebrae.  In  ad- 
dition to  these  two  kinds  of  vertebral  ribs,  a  great  many  smaller 
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cylindrioal  piecee  deeply  channelled  on  one  side  indicate  the  preseiioe 
of  the  ventral  set  common  in  all  PUsiosauri. 

Breast  and  Sfumlder-girdle. — The  large  flat  bones,  which  can  bdong 
only  here,  dififer  so  greatly  from  those  of  known  Pksiosauri^  that  the 
only  ones  the  determination  of  which  can  be  looked  on  as  at  all  certain 
are  the  coracoids  (PL  XLI.  fig.  5).  These  are  joined  firmly  together 
by  a  yery  stout  median  border,  and  form  a  strong  flattened  beam 
lengthened  transversely  to  the  axis  of  the  trunk,  attaining  in  this 
direction  a  maximum  diameter  of  20  inches  at  the  lower  end  of  the 
glenoid  cavity,  and  one  of  18  inches  at  the  upper  end  of  this  articular 
surface.  Each  coracoid,  then,  is  an  oblong  plate  having  a  very  short 
Butural  median  border  which  ties  it  to  its  fellow,  and  a  gently  con- 
cave anterior  border  decreasing  in  thickness  from  the  outer  end  (where 
it  contributes  to  the  scapular  articulation  ?)  towards  the  middle,  frt>m 
which  it  again  increases  to  its  inner  end,  where  the  two  coracoids 
meet  in  a  remarkably  strong  non-articular  projecting  boss  (a).  Only 
a  small  piece  of  the  natural  posterior  edge  remains.  It  shows  that 
this  border  curved  inwards  from  behind  the  glenoid  cavity  towards 
the  median  line.  How  far  the  bone  may  have  extended  in  tiiis  di- 
rection cannot  be  told ;  but,  frx>m  the  inclination  of  its  ventral  and 
dorsal  surfiaces  towards  each  other,  the  mesial  extension  backwards 
would  seem  not  to  have  been  great.  The  outer  border  of  the  cora- 
coid is  stout;  it  bears  a  large,  hollow,  oval  articular  surface  (the  gle- 
noid cavity,  fig.  6,  a),  and  in  front  of  this  a  smaller  trihedral  surface, 
presumably  for  articulation  with  the  scapular  {d).  The  dorsal  (?) 
surface  of  the  coracoid  is  slightly  sinuous.  The  ventral  surface  has  a 
deep  hollow  just  behind  and  parallel  to  the  anterior  border  of  the  bone. 
A  stout  ridge  sweeping  from  the  median  boss  on  the  anterior  border 
outwards  to  the  glenoid  border,  divides  this  hollow  from  another 
triangular  hollow,  which  lies  between  this  ridge  and  the  median 
crest.  Below  the  outer  end  of  this  transverse  ridge  the  ventral 
surface  is  convex  from  before  backwards,  and  nearly  plane  trans- 
versely. 

Limbs. — Of  the  four  principal  limb-bones  the  left  pair  are  nearly 
perfect ;  my  description  is  taken  from  these.  One  is  rather  shorter 
than  the  other;  and  this  I  assume  to  be  the  humerus,  because  in 
those  Plesiosaurs  in  which  there  is  any  diflerence  in  the  lengths  of 
the  humerus  and  femur  the  former  is  the  shorter  bone.  In  our  Ple- 
siosaur  the  humerus  (fig.  1)  is  also  stouter  than  the  femur.  Its  length 
is  20  J  inches.  Its  proximal  half  is  very  massive  and  of  a  subcylin- 
drical  figure,  while  the  distal  half  is  expanded  and  flattened.  The 
preaxial  border  (c)  is  nearly  a  straight  line,  broken  both  at  the  middle 
and  towards  the  distal  end  by  a  slight  excursion.  The  postaxial 
border  (d)  in  its  proximal  12  inches  is  nearly  parallel  to  the  preaxial 
one ;  but  beyond  this  it  sweeps  backwards  in  a  long  curve  and  makes 
with  the  distal  border  a  great  wing,  much  larger  relatively  than  that 
of  typical  Plesiosauri.  The  contour  of  the  distal  border  (6)  is  fonned 
by  two  slightly  incurved  lines  which  meet  in  a  wide  angle  placed 
rather  behind  the  axis  of  the  bone.  The  postaxial  division,  which 
is  much  the  longer,  is,  unfortunately,  incomplete.     This  end  of  the 
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bone  is  unasually  thick,  reaching  2^  inches  at  the  angle ;  and  the  arti- 
cular surface  is  correspondingly  broad  from  the  dorsal  to  the  ventral 
margin.  The  proximal  end  bears  a  subhemispherical  articular  head 
(figs.  1  &  2,  a),  the  axis  of  which  makes  an  angle  with  that  of  the 
cylindrical  sh&ft.  A  groove  passing  between  the  pre-  and  postazial 
borders  separates  this  articular  caput  from  a  prominent,  non-arti- 
cular, narrow,  trochanteric  upward  production  of  the  dorsal  surface 
of  the  bone  (fig.  2,  h).  The  trochanter  (mutilated  in  our  specimen) 
descends  a  short  distance  along  the  postaxial  border.  The  groove 
which  separates  this  from  the  articular  caput  descends  along  both 
borders,  on  the  postaxial  one  inclining  to  the  ventral  surface  along 
the  prolongation  of  the  trochanter.  A  constriction  below  the  articular 
head  marks  off  on  the  ventral  surface  a  smooth  neck,  beyond  which 
the  whole  breadth  of  this  surface  and  also  the  postaxial  border  of 
the  cylindrical  part  of  the  humerus  are  occupied  by  a  very  rough 
and  swollen  muscular  impression.  The  expanded  distal  part  of  this 
surface  is  smoother.  From  the  preaxial  border  transversely,  this 
surface  is  gently  convex  to  the  wing,  where  there  is  a  shallow  lon- 
gitudinal hollow.  The  dorsal  surface  is  smoother  than  the  ventral. 
A  low  eminence  appears  at  about  one-third  of  the  length  of  the  bone, 
measured  from  the  upper  edge  of  the  trochanter.  I  am  unable  to 
select  the  other  bones  of  this  fore  paddle. 

The  femur  (fig.  3)  is  rather  longer  than  the  humerus,  and  it  is 
also  less  massive.  This  is  particularly  noticeable  in  the  shaft.  It 
has  a  Bubglobular  articular  head  (figs.  3  &  4,  a)  placed  obliquely  on 
the  shaft,  separated,  as  in  the  humerus,  by  a  groove  from  a  very 
largely  developed  trochanter  (&g.  3,  e,  &  fig.  4,  b),  which  projects 
strongly  postaxially,  and  descends  on  this  border  of  the  shaft.  The 
groove  also  descends  on  both  borders  of  the  bone.  It  is  deeper  than 
the  corresponding  groove  in  the  humerus.  The  articular  caput  is 
followed  by  a  smooth  constricted  neck,  to  which  succeeds,  on  the 
ventral  surface  and  postaxial  border  a  large  rough  warty  swelling. 
The  preaxial  border  (fig.  3,  c)  is  concave,  not  straight  as  is  that  of 
the  humerus ;  and  the  postaxial  border  {d)  is  still  more  concave, 
its  distal  half  curving  strongly  backwards,  and  making  an  extremely 
large  wing  with  the  distal  border.  This  last  border  is  very  remark- 
able :  its  outline  consists  df  three  distinct  segments,  corresponding 
to  as  many  divisions  of  the  distal  articular  surface,  which  is  one  in 
excess  of  those  present  in  t3rpical  Plesiosauri,  The  preaxial  and 
the  next  postaxial  division  of  this  surface  meet  in  a  large  angle 
lying  just  behind  the  axis,  as  in  the  humerus.  Behind  this  is  a 
second  postaxial  division  of  the  articular  surface,  answering  to  the 
wing.  The  greater  part  of  this,  the  third  division  of  the  distal  arti- 
cular end,  is  wanting ;  but. its  form  is  perfectly  given  by  that  of  the 
corresponding  bone  in  the  second  segment  of  the  paddle. 

This  segment  of  the  hind  limb,  the  equivalent  of  the  1^,  contains 
in  a  transverse  row  three  flattened  angular  bones  of  nearly  equal  size 
(/,  g,  A),  each  of  which  articulates  proximally  with  one  of  the  divisions 
of  the  distal  articular  surface  of  the  femur,  and  distally  with  the 
members  of  the  succeeding  segment  of  the  paddle.     Laterally  the 
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two  outermost  of  the  three  bones  articulate  with  the  middle  one. 
One  of  these  bones  lies  preaxially ;  the  other  two  are  postazial,  the 
hindmost  corresponding  to  the  wing  of  the  femur. 

The  preazial  bone  (/)  is  pentahedral.  It  has  a  long  proximal 
border,  articulating  closely  (aU  the  joints  here  are  close-fitting)  with 
the  preazial  facet  of  the  femur,  and  a  rather  shorter  distal  or  tarsal 
border.  Its  mesial  border,  articulating  with  the  middle  bone,  is 
shorter  stilL  Its  preazial  border,  nearly  straight,  forms  the  front 
edge  of  this  part  of  the  paddle ;  it  is  smooth,  transversely  rounded, 
and  non-articular.  At  its  distfd  end  a  very  short  convez  articular 
surface  is  intercalated  between  it  and  the  long  directly  distal  sur- 
face. The  following  are  its  dimensionB  in  inches : — Preazial  bor- 
der 3*7 ;  prozimal  border  4*8 ;  longer  distal  border  8-1  (its  arti- 
cular surface  is  concave  from  its  dorsal  to  its  ventral  margins) ; 
shortest  border,  between  the  last  and  the  preazial  one  (having  a 
smooth  convez  surface),  1*5.  From  the  preazial  position  of  this  bone, 
it  is  manifestly  the  tibia. 

The  first  postazial  bone  (g)  is  also  a  pentahedron ;  its  long  trans- 
verse diameter  is  4-6  inches,  and  its  short  or  azial  diameter  3  inches. 
ProzimaUy  it  joins  the  first  postazial  division  of  the  distal  surface 
of  the  femur.  Its  distal  border  is  formed  by  two  articular  surfaces 
(concave  in  both  diameters),  which  meet,  a  little  behind  the  short 
azis  of  the  bone,  in  a  salient  angle.  The  line  of  union  of  the  mesial 
border  of  this  bone  with  the  tibia  nearly  cuts  the  distal  angle  of  the 
femur. 

To  the  postazial  border  of  this  bone  the  second  postazial  bone  (A) 
(the  third  and  hindmost  one  in  the  row)  articulates.  Its  prozimal 
border  articulates  throughout  its  entire  length  with  the  femur*. 
Its  postazial  border  is  convez  and  non-articular,  forming  here  the 
posterior  border  of  the  paddle ;  and  its  short  distal  (tarsal)  articular 
border  makes  with  that  of  the  middle  bone  a  deep  reentering  angle. 
The  transverse  diameter  of  this  bone  is  5-7,  and  its  azial  diameter 
3*4  inches. 

The  characters  of  the  early  cervical  vertebrse  and  the  long  taper- 
ing neck  prove  beyond  doubt  this  spinal  column  to  be  that  of  a  Ph- 
sioMurus,  and  differentiate  it  from  the  subgenus  Pliosaurus  as 
hitherto  defined.  From  the  length  of  the  column  (in  its  present 
incompleteness  15  feet)  Mr.  Hansel's  Plesiosaurus  must  have 
attained  a  size  as  great  as,  perhaps  grater  than,  P,  megadeirta 
(Seeley),  another  Kimmeridge  PUsiosawrus,  represented  by  two  series 
of  associated  bones  from  Haddenham  and  Ely,  preserved  in  the 
Woodwardian  Museumf.  The  absence  of  any  published  account  of 
these  fossils  has  prevented  me  from  instituting  so  searching  a  com- 
parisoiv  of  them  with  Mr.  Mansel's  Phdotauruz  as  I  could  have  de- 

*  A  line  running  from  near  the  outer  end  of  this  border  to  the  posterior 
border  separateB  the  proximal  and  posterior  corner  from  the  remainder  of  the 
bone.  I  am  doubtful  whether  this  is  an  accidental  or  a  natural  diyision ;  if  the 
latter,  the  piece  so  separated  is  a  fourth  cnemial  element 

t  Catalogue  of  Omithomaria,  Aves,  and  Bepfilia  from  the  Secondarr  Strata, 
»n  the  Woodwardian  Museum,  by  H.  G.  Seeley.  p.  97. 
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fldied.  From  the  figure  of  the  conjoined  azb  and  atlas  of  the 
Haddenham  specimen,  given  by  the  late  Mr.  L.  Barrett  in  *  Annals 
&  Mag.  of  Nat.  Hist.'  1858,  and  from  some  sketches  of  the  ooracoids, 
and  of  a  restored  paddle  of  the  Ely  one,  there  are  evidently  strong 
resemblances ;  but  Mr.  Davies,  sen.,  of  the  Palseontological  Depart- 
ment of  the  British  Museum,  whose  opinion  in  a  matter  of  this 
kind  is  justly  entitled  to  great  weight,  tells  me  that  he  has  seen  the 
Haddenham  spinal  column,  and  believes  it  to  represent  a  distinct 
species  from  Mr.  Mansel's. 

A  comparison  of  the  limbs  of  Mr.  Mansel's,  and  also  of  P.  mega- 
cUiruSf  with  those  of  the  typical  liassic  Plesiosauri,  brings  out  so 
many  and  such  important  Terences  that  these  two  Kimmeridge 
EnaUosaurians  may  well  rank  as  the  representatives  of  a  very  distinct 
subgenus. 

Their  coracoids  are  not  produced  forward  mesially  fax  in  advance 
of  the  level  of  the  glenoid  cavity  as  they  are  in  the  Liassic  Plesio^ 
sauri,  but  their  anterior  borders  make  a  nearly  straight  line« 
They  are  also  much  extended  transversely  to  the  trunk's  axis,  while 
their  greatest  extension  in  the  Liassic  Plesiosauri  is  in  the  direction 
of  the  axis.  In  this  the  coracoids  of  the  Eimmeridge  Plesiosauri 
show  a  resemblance  to  Ichthyosaurus ;  but  their  front  border  wants 
the  characteristic  Ichthyosaurian  notch. 

The  humerus  and  femur  of  Mr.  Mansel's  Plesiosaurus  are  abso- 
lutely, as  they  are  also  relatively  to  the  length  of  the  spinal 
column,  longer  than  in  any  known  Liassic  Plesiosaurus.  They  are 
also  more  massive,  and  their  muscular  impressions  are  much  stronger. 
Their  subglobular  articular  caput  appears  to  me  to  make  a  larger 
angle  with  the  axis  of  the  bone ;  and  there  is  also  the  well-developed 
trochanter.  The  postaxial  border  has  a  larger  backward  curve; 
and  the  wing  is  much  larger.  The  distal  end  of  the  femur  (that  of 
the  humerus  is  incomplete ;  but  by  analogy  it  should  resemble  that 
of  the  femur)  has  a  third  articular  facet,  while  that  of  the  humerus 
and  femur  of  Liassic  Plesiosauri  has  two  articular  facets  only. 
The  second  segment  of  the  limb,  the  cnemion,  contains  three  coequal 
bones,  articulating  with  the  three  femoral  facets,  and  answering  to 
the  tibia,  fibula,  and  an  additional  element.  The  Liassic  Plesiosaurian 
femur  has  only  two  distal  facets,  and  but  two  principal  bones  in  the 
second  segment  of  the  paddle.  In  some  spedes,  however  (P.  rugosus)^ 
a  rudimentary  third  ossicle  is  present  at  the  postaxial  border  of 
the  fibula.  The  two  principal  bones,  the  tibia  and  fibula,  in  these 
latter  Plesiosaurs  are  elongated  in  the  direction  of  the  axis  of  the 
limb,  and  they  are  very  different  in  form  from  the  tarsal  bones ; 
whereas  in  the  Kimmeridge  Plesiosaurus  the  three  coequal  bones  in 
the  cnemion  are  lengthened  transversely  to  the  axis  of  the  limb, 
and  differ  little  in  shape  from  the  tarsals.  In  this  formal  indiffe- 
rentism  of  its  cnemion  and  tarsus,  Mr.  Mansel's  Plesiosaurus  has  a 
resemblance  to  Ichthyosaurus;  but  the  similarity  is  more  than 
balanced  by  the  third  bone  in  its  cnemion  and  the  perfect  formal 
difference  of  the  digits. 

It  is,  however,  in  the  subgenus  Pliosaurus  that  the  limbs  most 
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closely  leseinble  thooe  of  thiB  Ximmeridge  HmoMuruB;  and  Ute 
pointo  of  similarity  are  just  those  wherein  this  departs  from  the 
liassic  types. 

I  find,  on  comparing  them,  a  very  dose  general  and  particular 
agreement  between  the  hnmeros  and  femur  of  the  Eimmefidge 
PUsioMwrtu  and  two  type  specimens  in  the  British  Museiun, 
labelled  <'No.  31,795.  Femnr,  Piesiosannis  trochanterius,  Owen," 
and  *^  No.  31,787,  femnr  of  Flesiosanms  brachydeims,  Owai."  l^o. 
31,795  is  smaller  than  the  Kinmieridge  hnmeros,  bnt  in  all  other 
respects  closely  resembles  it.  It  has  the  same  general  form,,  arti- 
cular caput,  trochanter  and  separating  groove,  and  the  rough  warty 
muscular  impression  on  the  ventral  surface  and  postazial  border. 
The  preazial  and  first  postaxial  segments  of  the  distal  border  are 
inclined  at  a  similar  angle ;  the  preazial  segment  is  similarly  con- 
cave. The  remainder  of  this  and  the  distal  part  of  the  postaxial 
border,  including  the  wing,  are  unfortunately  wanting,  so  that  the 
comparison  cannot  be  completed. 

The  Eimmeridge  Plesiosdur's  femur  is  extremely  like  No.  31,787, 
a  femur  of  **  Flesiosaurus  brachydeims,  O.,**  a  longer  bone  (from  a 
larger  individual?),  but  with  outlines  which,  so  &r  as  they  are  pre- 
served, closely  resemble  those  of  the  Kinmieridge  PUsiosaurus.  At 
first  sight  most  striking  differences  are  a  greater  axial  symmetry 
due  to  the  smaller  size  of  the  wing,  and  the  subdivision  of  ^e  distal 
end  into  two  facets  only ;  but  it  only  requires  a  second  glance  to 
see  that  the  distal  third  of  the  postaxial  border,  with  the  corre- 
sponding part  of  the  wing  and  of  the  distal  border,  have  been  brc^en 
off,  and  the  rough  fractured  edge  smoothed  with  plaster  of  Paris. 
It  has  a  similar  articular  caput,  separated  by  a  groove  running 
between  the  pieaxial  and  postaxial  borders  from  a  stron^y  formed 
trochanter.  The  preaxial  and  so  much  as  remains  of  the  postaxial 
division  of  the  distal  end  are  inclined  at  a  like  angle,  and  eadi  is 
similarly  concave. 

When  the  comparison  is  extended  to  the  second  and  third  s^- 
ments  of  the  limb,  similar  resemblances  are  apparent.  The  paddles 
available  for  this  purpose  are  two — ^the  well-known  enormous 
paddle  of  PlioMurus  grandis,  presented  to  the  Dorchester  Museum 
by  its  discoverer  and  restorer,  Mr.  J.  G.  Mansel,  and  the  small  paddle 
of  PUosaurus  portUmdicus  in  the  British  Museum,  described  and 
figured  by  Professor  Owen  in  the  Palseontographical  Society's  Me- 
moirs, vol.  xxii.* 

In  both  these  we  notice  the  same  formal  indifferentism  of  the 
bones  composing  the  cnemion  and  tarsus,  and  the  same  transverse 
extension  of  the  tibia  and  fibula.  In  the  Dorchester  paddle,  an  excel- 
lent cast  of  which  is  in  the  north  gallery  of  the  British  Museum,  the 
femur  is  mutilated.  It  manifestly  wants  a  great  part  of  the  wing, 
which  has  been  split  off  by  a  straight  fracture  parallel  to  the  axis 
running  from  the  postaxial  to  the  distal  border.  The  tibia  and 
fibula  support  flat  multiangular  tarsals,  which  are  succeeded  by  five 

*  Fossil  Beptilia  of  the  Kimmeridge  Clay,  genus  PtestasauruSy  hj  Prof.  Owen 
(Palaontogr.  Soo.  Mem.  vol.  izii  for  1868),  pi.  4.  fig.  1. 
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digits.  Ab  often  as  I  looked  at  the  cast  of  this  gigantic  paddle 
(6|  feet  long),  I  was  stnick  with  the  insufficient  basal  support  of  the 
hindmost  digit,  and  the  suspicion  forced  itself  upon  me  that  some- 
thing was  wanting  in  the  postaxial  side  of  the  foot.  The  Portland 
paddle  proved  this  to  be  the  case.  Its  second  s^ment  contains 
two  coequal  bones,  and  part  of  the  distinct  impression  of  a  third, 
which  has  fallen  out  of  the  matrix ;  and  corresponding  to  this  im- 
pression in  the  stone  there  is,  as  may  be  plainly  seen  in  the  excellent 
figure  illustrating  Prof.  Owen's  memoir,  the  beginning  of  a  second 
postaxial  facet  on  the  distal  end  of  the  femur.  The  rest  of  this 
facet,  with  the  adjacent  postaxial  border,  has  been  worn  away. 
Prof.  Owen  regards  the  third  ossicle  in  the  cnemial  row  as  *'  the 
homologue  of  the  fabeUa  which  is  present  in  some  Plesiomuri  (P. 
rugosw,  for  example),  where  its  homotype  in  the  fore  limb  is  repre- 
sented by  a  detached  olecranal  process  of  the  ulna,"  adding  "  that 
the  bone  in  Plioaaurus  pordandicus  is  relatiTely  larger  and  less 
triangular  in  shape  than  in  PUsiosaurus  rugosusJ*  Afterwards, 
describing  the  hindmost  of  the  three  bones  present  in  the  first  row 
of  the  tarsus,  which  he  regards  as  the  calcaneum,  Prof.  Owen 
writes  of  its  posterior  border,  "It  appears  to  have  been  closely 
connected  with  the  fabeUa  (67'),  which  fits  into  the  interspace 
between  the  fibula  and  the  calcaneum ;  and  whether  to  regard  the 
ossicle  marked  67'  as  the  apophysial  lever  of  the  fibula  or  as  the 
calcaneum  may  be  a  question  "*. 

The  identity  of  the  third  cnemial  bone  of  our  Eimmeridge  Plesio- 
saur  with  that  which  has  left  its  impression  in  the  matrix  in  which 
lies  the  Portland  PZt(»aun»-paddle  cannot,  I  think,  be  questioned ; 
and  the  correspondence  of  this  to  the  ossicle  attached  to  the  posterior 
border  of  the  fibula  oiPlesiomurus  rtigosus^  pointed  out  by  Prof.  Owen, 
appears  highly  probable.  If  this  be  a  true  correspondence,  and  not 
simply  an  apparent  one,  the  determination  of  the  serial  homology  of 
the  bone  is  still  open;  for  no  confirmation  of  either  of  the  two  hypo- 
theses is  to  be  drawn  from  the  Kimmeridge  paddle.  If  the  ossicle 
attached  to  the  fibula  in  PUsiosaurus  rugosus  is  the  homologue  of  the 
"  apophysial  lever  of  the  fibula  *'  (the  styloid  process  of  human 
anatomists),  we  have  the  anomaly  of  its  lateral,  not  terminal,  arti- 
culation with  the  shaft  of  the  fibida,  and  also  of  its  articulation  with 
both  the  femur  tod  the  tarsus.  If,  however,  it  is  the  calcaneum, 
we  have  another  anomaly — the  articulation  of  the  heel-bone  and 
femur — ^besides  the  difficulty  of  reconciling  this  determination  with 
that  of  the  hindmost  of  the  three  bones  of  the  first  tarsal  row, 
which  the  author  of  the  memoir  quoted  regards  also  as  the  cal- 
caneum. 

We  have  not  yet,  I  think,  sufficiently  complete  material  for  the 
solution  of  this  problem,  and  we  must  be  content  to  wait  for  fresh 
material  before  the  homology  of  the  bone  can  be  settled.  At  present, 
I  will  merely  say  that  its  existence  as  a  coequal  bone  with  the  fibula 
and  tibia  in  the  Kimmeridge  Plesiosaurus  is  in  harmony  with  the 
ingenious  theory  of  the  type  of  limb-construction  recently  advanced 
*  Paleont.  See.  vol.  ixii.  '  Foesil  Beptilia  of  the  Portland  Stone/  p.  11. 
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by  Gegenbanr, — and  ocmchide  with  the  remark  that  this  additional 
cnemud  element,  extending^  as  it  doee^  the  basis  of  support  of  the 
tamu  and  digits,  saggests  the  presence  of  additionsd  poetazial 
digits  above  five,  the  nnmber  in  the  liassic  PUsiomwri.  Should 
this  prove  so,  it  will  add  another  and  a  striking  resemblance  to  those 
already  known  between  this  subgenus  of  Plesiotaurus  and  the  Plio* 
muri  and  Ichthyosauri.  I  propose  to  dbtinguish  this  new  Eimmeridge 
Piesiosatarus  by  the  specific  name  of  Mansdii  {PUsumaunu  Manadiiy. 
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EXPLANATION  OP  PLATB  XU. 

Figs.  1  to  6  illustrato  the  osteologj  of  Pknoaaunu  MantdU. 

Fig.  1.  Yentral  view  of  left  humeros :  a,  proximal  end ;  6,  distal  end ;  e^  pro- 
axial  border ;  d,  postaxial  border. 

Fig.  2.  Proxunal  end  of  this  humerus :  a,  articular  caput ;  b,  trodianter. 

Fig.  3.  Ventral  view  of  left  femur :  a,  proximal  end ;  h,  dijital  end ;  Cy  pie- 
axial  border ;  <f ,  postaxial  border ;  e,  trochanter ;  /  preaxial  boos  of 
leg ;  g,  first  postudal  bone ;  k^  second  postaxial  bOne. 

Fig. 4.  View  of  ^ronmal  end  of  this  femur :  a,  articular  head;  h,  trodianter. 

Fig. 5.  Dorsal  Yiew  of  conjoined  ooraooids:  a,  front  border;  6,  posterior 
border ;  c,  c,  glenoid  fossae ;  d,  scapular  facet. 

Fig.  6.  View  of  outer  end  of  coraooid :  a,  glenoid  cayity ;  h,  scapular  fiuet 

Figs.  7, 8, 9.  VertebrsB  of  PlesSosaurtu  braekidotpondylua. 
Fig.  7.  Front  Tiew. 
Fig.  8.  Back  yiew. 

Fig.  9.  Oblique  view,  showing  the  antero-posterior  diameter  or  length  of  the 
centrum. 
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4.  Noie$  en  the  GsoLoer  of  Uu  Lofoteh  Islands.     Bj  the  Bot.  T.  0. 
BoKCTT,  MjL.,  F.G.S.,  Tutor  of  St.  John's  College,  Camhridge. 

[Abfltnot] 
Thb  author  described  the  general  appearaaoe  of  the  Lofoten 
Islands,  which  have  commonly  been  described  as  composed  of  gra- 
nite, but  which,  he  stated,  leally  consist  of  gneissio  rocks.  Thib 
scenery  of  some  of  the  islands  on  which  he  did  not  land  resembled 
that  of  the  Cambrian  and  Cambro-Silurian  districts  of  Wales  and 
Cumberland ;  and  the  interior  of  Hassel  showed  dark  rounded  fells, 
resembling  in  outline  some  of  the  softer  Welsh  slates.  At  Stok- 
marknses  and  at  Melbo  there  is  a  granitoid  rock  of  pinkish-grey 
colour,  consisting  of  felspar  and  platy  hornblende,  with  some  mica 
and  quartz.  The  Svolvaer  Fjeld  in  Ost  Yaago  shows  a  distinctly 
bedded  structure  in  the  oli£5s  near  Svolvaer,  the  debris  at  the  foot  of 
which  consists  of  a  rock  resembliDg  syenite,  and  a  quartzite  contain- 
ing a  little  hornblende  and^felspar.  Bedding  was  also  observed 
towards  the  Oxnaes  Fjord.  *The  islets  near  this  coast  consisted 
chiefly  of  a  granitoid  rock  resembling  a  syenite,  showing  traces  of 
bedding  to  the  west  of  Svolyaer.  Veins  of  quartz  and  seams  of 
hornblende  &c.  occurred  in  some  of  the  islets;  and  the  latter 
were  too  regular  to  be  explained  by  deposition  in  Assures.  Near 
the  Svolvaer  poet-office  there  was  gneiss  coarsely  foliated,  contain- 
ing hornblende  and  mica,  with  pink  orthodase  felspar.  The  author 
concluded,  from  his  observations,  that,  with  few  exceptions,  the  so- 
called  granites  of  the  Lofoten  Islands  are  stratified,  highly  meta- 
morphosed rocks— quartzites  and  gneiss,  generally  with  much  fel- 
spar in  the  latter,  and  with  more  or  less  hornblende  in  both — and 
that  they  are  inferior  in  position  to  the  gneiss  and  schists  of  the 
mainland,  and  to  the  more  slaty  rocks  of  the  southern  and  western 
parts  of  the  same  islands.  He  compares  them  with  some  gneiss 
from  Dalbeg  on  the  west  coast  of  the  island  of  Lewis,  and  thinks 
it  highly  probable  that  they  also  are  of  Hebridean  age.  The  re- 
mainder of  the  paper  described  some  raised  beaches  and  moraines. 
The  latter  are  frequent  in  the  Eaftsund  at  the  mouth  of  tributary- 
glens,  and  just  above  the  sea-level. 


6.  On  DoBTPTBBrs  Hoffmaiwi,  Germar,  from  the  Marl-slate  of  Mid- 
dendge,  Durham,  By  Albant  Hancock,  Esq.,  F.L.S.,  and  Eichasd 
HowsB,  Esq. 

(Communicated  by  Prof.  T.  H.  Huxley.) 

[Plates  XLII.  &  XLHI.] 

WiTHnr  the  last  few  years  four  specimens  of  Dorypterus  Hoffmanni 
have  been  discovered  in  the  Marl-slate  of  Midderidge,  in  the  county 
of  Durham,  by  Joseph  Duff,  Esq.,  two  of  them  in  the  year  1865, 
and  the  other  two  in  the  autumn  of  last  year,  1869.  A  few  traces 
of  other  individuals  were  also  observed  at  the  same  time  and  in  the 
same  locality.    These  are,  we  believe,  the  first  specimens  of  this 
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very  singular  fish  that  have  been  obtamed  from  the  Marl-slate  of 
this  country. 

The  Midderidge  quarry,  in  which  these  examples  were  found,  ia 
situated  on  the  Darlington  aud  Wear  Valley  Railway,  not  far  from 
Bishop's  Auckland,  and  is  well  known  as  being  the  locality  where 
the  Marl-slate  fishes  were  first  discovered.  Prof.  Sedgwick  a  Icmg 
time  sgo  (Trans.  GeoL  Soc.  2nd  series,  vol.  iiL  pp.  76,  77)  aoen- 
rately  desmbed  the  position  of  this  quarry  and  the  stniitam  in 
which  these  specimens  were  found. 

Through  the  kindness  of  Mr.  Duff,  we  have  had  the  opportunity 
and  pleasure  of  examining  and  studying  all  the  specimens  of  this 
interesting  fish :  and  this  has  happened  fortunately ;  for  each  spe- 
cimen, being  in  a  different  state  of  preservation,  has  assisted  much 
towards  the  working  out  and  comprehension  of  the  structure  of  this 
extraordinary  ichthyolite. 

When  Mr.  Buff's  original  specimens  were  first  seen^  they  were 
aupposed  to  be  merely  the  skeletons  of  a  species  of  Flatysomus ;  but 
a  short  examination  soon  showed  that  this  opinion  was  entirely 
erroneous ;  and  happily  the  discovery  of  two  more  spedmens,  and 
especially  of  one  in  which  the  characteristic  dorsal  fin  was  better 
preserved  than  in  the  former  specimens,  led  us  at  once  to  identify 
Mr.  Duff's  discovery  with  the  Dorypterus  Uoffmanni  described 
originally  by  Prof.  Germar  in  Count  Miinster's  Beitrage  zur  Petre- 
£EU)tenkunde  (Heft  v.  pp.  35-37,  tab.  xiv.  L  4),  from  a  specimen 
obtained  from  the  Kupferschiefer  of  the  Eisleben  district. 

Also  there  appears  to  us  not  the  least  doubt  that  the  two  fishes 
described  by  Count  Munster  in  the  same  work  (Heft  v.  p.  44, 
tab.  V.  f.  2),  under  the  name  of  Platysomus  Althaudi,  belong  also  to 
the  genus  Dorypterus,  and  to  the  same  species  as  the  one  described 
by  Prof.  Germar.  But  in  order  to  establish  more  satisfactorily  the 
strict  identity  of  these  with  the  English  specimens,  it  seems  neces- 
sary to  reproduce  the  original  descriptions  given  by  Prof.  Germar 
and  Count  Miinster. 

DorypUrus  Hoffmanniy  Germar  (Heft  v.  pp.  35-37).  "This 
specimen  was  found  only  last  autumn  (1840)  in  the  Kuf^enchiefer 
of  the  Eisleben  district ;  and,  although  it  is  not  perfect  enough  to 
ascertain  all  its  essential  parts,  yet  it  presents  so  many  peculiar 
characters  that  the  establishment  of  a  distinct  genus  becomes 
necessary.  As  generic  characters  one  can  point  out : — an  oval  profile 
and  a  body  flattened  on  the  sides,  with  a  distinct  bony  skeleton ; 
a  very  high  and  spit-shaped  dorsal  fin ;  pectoral  fin  placed  in  the 
mid-height  of  the  body,  behind  the  gill-cover ;  the  small,  narrow 
ventral  fins  in  the  middle  of  the  ventral  margin ;  and  a  fork-shaped, 
equal-lobed  tail. 

«  The  whole  length  of  the  fish,  from  the  tail-fin  to  the  frt>nt  of  the 
jaws,  is  3  inches  7  lines ;  its  height,  without  the  fins,  1  inch  1 1  lines; 
the  height  of  the  dorsal  2  inches,  its  breadth  in  the  middle  1  line. 
The  head,  broadly  ovate,  has  a  nearly  semicircular  outline;  the 
under  jaws  are  much  bent  upwards ;  and  also  the  front  and  the  nose 
seem  much  bent  downwards.     It  occupies  nearly  one-third  of  the 


Digitized  by 


Google 


1870.]       HAirooOK  Airv  howbs — bobtphbits  hoftmavni.  625 

body ;  and  the  jaws  do  not  appear  to  baye  bome  teeth.  The  back- 
bone baa  a  few  more  than  thirty-joints,  of  which  about  seventeen 
belonged  to  the  ventral  vertebrsB ;  but  the  number  of  the  vertebre 
cannot  be  distmctly  reckoned. 

**  Batisfaotory  information  cannot  be  given  respecting  the  pectoral 
fins.  Behind  the  gill-oovers  a  somewhat  wavcfd  ribbon-shaped 
organ  runs  in  a  sloping  direction  backwards  to  the  ventral  margin, 
which  perhaps  might  be  the  humerus ;  and  at  its  root  one  sees  some 
bones  which  one  is  inclined  to  take  for  the  roots  of  the  pectoral  rays. 
But  this  ribbon-shaped  organ  is  provided  with  distinct  parallel  lon- 
gitudinal striae,  and  itself  resembles  a  pectoral  fin ;  and  those  bones 
we  took  for  roots  of  the  pectoral  rays  might  be  apophyses  of  the 
vertebral  column  displaced  by  pressure. 

**  The  little  elliptical  ventral  fins  are  nearly  behind  the  middle  of 
the  belly,  and  not  in  immediate  connexion  with  other  boues,  and 
may  perhaps,  through  pressure  or  dislocation,  have  been  pushed 
backwards ;  but  at  any  rate  they  are  placed  behind  the  pectorals.  The 
anal  fin  itself  is  not  to  be  seen ;  but  the  root-bones  (fin-supports), 
which  are  present,  show  that  it  commenced  dose  to  or  not  far  from 
the  ventrab,  and  extended  for  a  considerable  distance  towards  the 
taiL 

^'  The  dorsal  commences  a  little  before  the  middle  of  the  back, 
quickly  gets  narrower  towards  the  apex,  and  continues  in  a  vertical 
direction,  with  pretty  equal  breadth,  to  the  tip.  It  has  in  this  ex- 
ample, on  the  hinder  side  at  the  base,  a  bow-shaped  emargination, 
which,  however,  may  not  have  been  caused  by  tearing  or  injury, 
because  the  rays  do  not  break  off,  but  run  in  parallel  curves  to  the 
root.  The  support-bones  also  show  that  the  dorsal  did  not  extend 
more  behind  than  before,  and  that  we  have  the  dorsal  fin  perfect  and 
complete  before  us.  The  existence  of  a  second  dorsal  cannot  be 
directly  denied,  becaose  in  the  place  where  it  should  appear  the 
fish  becomes  obscured  by  the  stone,  and  there  are  no  sharp  lines ; 
but  occasionally  one  can  see  the  outline  of  the  back  so  clearly  that 
one  would  certainly  see  bones  if  there  had  been  a  second  dorsal ;  and 
we  may  therefore  conclude  that,  in  all  probability,  it  was  absent. 

"  The  caudal  is  forked ;  both  lobes  are  equal,  and  are  separated 
by  the  backbone. 

'*  It  is  all  the  more  difficult  to  determine  the  family  to  which 
this  fish  belongs,  as  neither  scales  nor  teeth  are  to  be  seen.  The 
rhombical  markings  which  the  figure  shows  near  the  tail,  and  which 
one  might  take  for  scales,  have  no  glistening  surface,  and  appear  more 
as  fragments  of  ribs  and  spinous  processes  crossing  each  other.  If 
they  were  really  scales,  the  genus  Dwnfpterm  would  then  belong  to 
the  Oanoids,  and  stand  near  Dapedius.  But  the  form,  the  situation 
of  the  fins,  and  the  whole  skeleton  remind  one  very  much  of  the 
recent  genus  Vomer" 

Although  Prof.  Germar's  specimen  was  not  perfect  enough  to 
enable  him  to  describe  it  fully,  yet  in  the  foregoing  description  we 
find  a  sufficient  number  of  characters  to  justify  us  in  referring  our 
specimens  to  this  peculiar  fish.    Among  these  the  position  of  the 
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lower  jaw,  the  rather  large  orbit,  and  the  mnisually  long  dorsal  fin 
would  alone  be  aulBcient  to  establish  this  identity ;  but  to  these 
points  may  be  added  the  situation  of  the  pectoral  in  the  mid-height 
of  the  body,  the  curious  "  ribbon-shaped  "  process  descending  from 
behind  the  pectoral  to  the  ventral  margin,  the  abdominal  rod  which 
bounds  the  yentral  cavity  behind  (not  mentioned  by  Germar  or 
Miinster,  but  characteristicaUy  shown  in  their  figures)  the  hour- 
glass-shaped processes  beneath  th^  dorsal,  and  the  peculiar  sigmoidal 
plates  seen  near  the  ventral  margins  of  the  posterior  half  of  the 
body :  these  estahUsh  beyond  any  doubt,  not  only  the  generic,  but 
also  the  specific  identity  of  the  Marl-slate  with  the  Eupferschiefer 
specimens.  But  there  are  a  few  points  in  Prof.  Germar's  descrip- 
tion which  the  more  perfect  state  of  the  q>ecunens  we  have  had  the 
use  of  enable  us  to  correct.  It  will  aj^iear  in  the  sequel  that  what 
seemed  to  Germar  to  be  an  iutemal  bony  skeleton  is,  according  to 
oar  observations  and  opinions,  also  in  part  an  exo-skeleton.  The 
bituation  of  the  ventral  fin  also,  which  is  placed  in  this  fish  under 
the  throat  and  rattier  in  advance  of  the  pectoral  fin  and  ventral 
cavity,  has  been  overlooked  by  this  author  (for,  judging  from  his 
figure,  the  ventral  appears  to  be  present) ;  and  in  consequence  of 
this  oversight,  he  has  been  led  to  consider  the  anal  the  ventral, 
and  the  anal  (which  is  well  shown  in  his  specimen)  not  to  be 
present.  Another  point  deserving  of  remark  is  the  statemmit  that 
the  tail  is  homocercal.  This  idea  arose,  no  doubt,  from  the  imper- 
fect state  of  the  tail  in  the  specimen  examined ;  but  in  those  whidi 
we  have  investigated  this  fin  is  very  well  preserved  in  three  indivi- 
duak,  and  shows  itself  to  be  decidedly  heterocercal.  The  size  of 
Germar's  specimen  is  rather  less  than  that  of  three  of  ours ;  but  the 
dorsal  fin  is  more  perfect  and  more  characteristicaUy  shown  in  the 
German  than  in  those  which  we  have  before  us  from  Midderidge. 

Count  Miinster  says  of  his  Platysomus  Althausii  (Miinster,  Beitriige, 
Heft  V.  p.  44,  tab.  v.  1 2)  that  **  the  only  two  small  individuab  of  this 
species  which  I  saw  at  Mr.  Althaus's  are  of  equal  size,  but  both  with* 
out  scales,  so  that  only  the  skeleton  of  the  fish  is  seen,  an  ^pearanoe 
very  common  in  the  lithographic  slates  of  Bavaria,  but  very  rare  in 
theKupferschiefer.  One  recognizes  pretty  clearly  the  very  strange 
composition  of  the  skeleton  of  this  fish,-  which  Agassis  has  fully 
described  in  '  Recherches  sur  les  PoisBons  Fossiles.'  Only  £unt 
impressions  exist  of  each  individual. 

««  The  individual  figured  (Taf.  v.  f.  2),  whidi  Mr.  Althaus  was  so 
kind  as  to  let  me  have,  has  at  the  first  supeifidal  glance  some  re- 
semblance in  its  external  form  to  Plaiytomus  gibbo$us^  Agassiz,  so 
that  at  first  I  thought  this  might  be  only  the  skeleton  of  a  yonng 
individual  of  that  species ;  but  a  stricter  investigation  and  com- 
parison soon  convinced  me  that  it  is  an  entirely  new  species. 

**  The  body  has  a  rounded  rhomboidal,  nearly  ovate  form.  The 
head  is  disproportionately  large,  and  occupies  nearly  one  half  of  tiie 
body;  its  profile  from  the  dorsal  fin  to  the  snout  is  somewhat 
straight ;  the  snout  much  bent.  The  laige  orbit  is  placed  high  and 
far  backwards.      The  fidnt   impressions  of   the  head-bones  are 
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smootJi,  ivithout  striee  or  graDCilationB ;  bat  their  appearance  is  not 
very  distinct.  The  hind  border  of  the  opercnliun  or  gill-plate  is 
narrow ;  near  to  it  is  placed  the  left  pectoral  fin,  which  has  probably 
been  pashed  so  high  up  by  pressure  from  without.  One  recognizes 
only  the  impressions  of  a  few  rays :  below,  on  the  margin  near  the 
and,  the  rays  of  a  small  fin  are  shown,  which  appear  to  have  bo- 
longed  to  the  Fentral ;  for  although,  until  now,  on  the  specimens  of 
the  genus  Plaiysomug  which  have  been  examined  by  Agassis, 
Gennar,  and  othera  ventral  fins  have  not  been  seen,  yet  I  have  found 
them  on  two  examples  of  P.  FuMai  (ssPlatysomtu  macrurus,  Ag.). 

'*  The  dorsal  fin  is  somewhat  large ;  the  commencement  of  it  is  near 
the  head,  in  the  central  part  of  the  back.  The  anal  stands  opposite 
to  it,  and  is  nearly  of  the  same  form  and  size,  but  is  situated  nearer 
to  the  moutii  than  to  the  tail ;  for  it  reaches  nearly  to  the  head. 
The  rays  of  both  fins  run  to  the  tail,  and  are  very  fine.  On  the  ex* 
a.mple  before  us,  fragments  only  of  the  rays  of  the  continuation  of  the 
dorsal  could  be  seen. 

"  The  pedicle  of  the  tail  is  remarkably  narrow,  only  about  a  line 
broad;  the  deep-forked  fin  is  proportionally  very  large.  Of  both 
lobes  the  extremity  is  wanting;  but  it  seems  that  the  upper  lobe  was 
not  much  longer  than  the  lower,  which  is  a  little  broader. 

**  There  is,  as  mentioned  before,  no  trace  of  the  scales." 

In  Miinster's  figure  of  P,  Althausii^  the  posterior  part  of  the  body, 
allowing  for  the  slightly  different  state  of  preservation,  much  resem- 
bles ours.  The  form  of  the  abdominal  cavity,  bounded  in  front  by 
the  '*  ribbon-shaped  process,"  and  posteriorly  by  the  abdominal  rod, 
is  identicaL  The  position  of  the  pectoral  fin  is  also  the  same, 
though  thought  by  Miinster  to  have  been  disturbed  and  pushed 
upwards  out  of  its  true  position.  The  prolongation  of  the  doreal  fin 
is  destroyed,  as  in  most  of  our  specimens ;  and  the  bones  of  the  head 
are  much  displaced,  and  moved  downwards  and  backwards  towards 
the  ventral  cavity ;  but  these  bones  are  said  to  be  smooth  and  with- 
out strife  or  granulations — a  character  which  at  once  distinguishes 
this  fish  from  Platysomus,  in  which  the  bones  of  the  head  are  always 
more  or  less  ornamented  with  granulations  or  striae. 

In  Miinster's  example  the  anal  fin  is  finely  preserved,  and  shows 
very  distinctly  its  continuation  to  the  tail ;  but  by  displacement  and 
pressure  of  the  bones  of  the  head  downwards,  the  ventral  fins,  which 
Munster  saw,  but  could  not  describe  rightly  on  account  of  the  dis- 
turbed state  of  his  specimen,  have  been  pushed  backwards,  and 
brought  nearly  into  contact  with  the  anal  fin ;  and  thus  one  of  the 
strilang  peculiarities  of  Dcrypterus  (the  thoracic  or  jugular  position 
of  the  ventrals)  remained  till  now  unobserved.  It  will,  we  think, 
be  admitted  by  every  one  who  carefully  collates  Miinster's  figure 
and  description  of  P.  Althausii  with  those  of  Germar's  Dorypterus 
ffoffmanni,  that  they  are  perfectly  identical;  and  we  adopt  the 
latter  name  for  the  species,  as  it  has  a  slight  precedence  in  order 
of  description,  and  was,  besides,  more  strongly  characterized  than 
the  former. 

The  German  specimens  of  Dorypterus  were  obtained  from  the 
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Kupfenchiefer  of  Bichebdorf  and  the  fiisleben  district,  where  it 
appears  to  be  very  rare. 

DorypteruB  is  pretty  regularly  oval  in  contour,  inclining  to  ovate, 
the  posterior  slopes  being  more  rapid  than  the  anterior,  and  the 
head  rather  obtuse.  It  was  probably  much  compressed,  and  in  very 
deep  in  proportion  to  its  length ;  the  length  of  the  body,  includii^ 
the  central  rays  of  the  tail,  is  about  twice  its  depth  at  the 
deepest  part.  Our  largest  specimen  is  5  inches  long,  including  the 
tail,  and  2\  inches  deep ;  and  the  head,  from  the  anterior  extremi^ 
of  the  mandible  to  the  posterior  augle  of  the  gill-plate,  is  about  one- 
third  the  length  of  the  entire  animal,  including  the  centre  rays  of 
the  tail.  The  mozsle  is  obtuse,  the  mouth  shutting  upwards ;  the 
mandibles  are  long,  flat,  and  rather  wide ;  the  pnemaxillse  are  aboat 
half  the  length  of  the  mandibles,  and,  like  them,  are  flattened  and 
wide ;  the  maxiUsB  are  about  as  long  as  the  pnemazilhe,  and  bend 
downwards,  and  overlap  the  posterior  portions  of  the  mandibles. 
The  gape  was  large;  and  the  jaws  probably  shot  out  a  little  when  in 
action ;  no  teeth  have  been  observed. 

The  orbits  (PL  XLII.  fig.  1,  u)  are  large,  and  are  situated  imme- 
diately behind  the  praemaxilke  and  a  little  below  the  brow  or  dorsal 
ridge ;  the  gill-plate  or  operculum  («)  seems  to  be  composed  of  two 
pieces,  and  is  of  a  narrow  crescent-form,  the  posterior  margin  being 
a  little  angulated,  the  angle  projecting  above  tiie  middle  longitudinal 
line  of  the  body.  The  preeoperculum  {t)  partakes  of  the  same  form, 
but  is  considerably  less  than  the  operculum,  and  is  placed  about 
midway  between  the  eye  and  the  posterior  margin  of  the  giU-plate. 

The  clavicle  (r),  which  is  well  preserved  in  one  of  the  specimens, 
is  a  long,  stout,  fiisiform  bone,  extending  from  above  the  longitudinal 
middle  line  of  the  body  to  the  insertion  of  the  ventral  fin,  and  is 
well  inclined  thence  upwards  and  backwards. 

The  pectoral  fins  (c),  which  are  -j%  inch  long,  are  wide  and  some- 
what rounded,  the  extremity  being  obtuse ;  they  are  rather  large  in 
proportion  to  the  size  of  the  body,  and  are  situated  just  behind  and 
below  the  angle  of  the  operculum,  consequently  on  the  central  lon- 
gitudinal line.  They  are  connected  with  the  upper  portion  of  the 
clavicle.  The  remains  of  apparently  the  scapula  and  coracoid  were 
observed  in  one  of  the  specimens  ;  they  are,  however,  in  a  crushed 
state,  but  seem  to  have  been  broad,  flat,  and  short,  and  are  arched 
towards  each  other.  From  these  extend  fourteen  or  fifteen  flat  and 
rather  delicate  brachial  rays  (c'),  the  longest  of  which  are  near  the 
middle  and  measure  rather  more  than  \  inch  in  length ;  they  are 
articulated  with  double  their  number  of  simple  fin-rays,  w^hich  are 
composed  of  numerous  joints. 

The  ventral  fins  (d)  originate  in  front  of  the  ventral  or  thoracic 
plates,  to  be  shortly  described,  and  immediately  behind  the  lower  ex- 
tremi^  of  the  clavicle,  and  incline  backwards;  they  are  upwards  of  half 
an  inch  in  length,  are  proportionally  narrow  and  are  sharp-pointed ; 
they  have  each  about  fourteen  or  fifteen  rays,  which  are  made  up  of 
numerous  joints,  and  are  attached  to  elongated  narrow  pelvic  bones; 
but  these  arc  too  much  obscured  to  admit  of  complete  description. 
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The  poeterior  extremity,  however^  is  a  little  enlarged,  and  appears  to 
haye  been  the  articular  surface. 

The  enlarged  part  of  the  anal  fin  (6)  is  placed  near  to  the  transverse 
centre  of  the  body.  It  is  about  half  an  inch  long,  and  is  triangular, 
with  the  extremity  pointed,  the  posterior  margin  being  slightly  con- 
vex, the  anterior  straight  or  a  little  concave.  The  base  extends 
nearly  as  &r  forwards  as  the  posterior  ventral  plates,  being  prolonged 
in  this  direction  by  seven  or  eight  pointed  scale-like  rays  or  plates, 
which  diminish  in  length  forwards;  and  it  is  continued  backwards  to 
the  root  of  the  tail  as  a  low  fringe  (&'),  about  -^  inch  wide,  supported 
by  rather  distant  delicate  rays,  but  whether  jointed  or  not  could  not 
be  determined.  The  anterior  elongated  portion  is  composed  of  be^ 
tween  twenty  and  thirty  simple,  jointed  rays,  the  joints  being  rather 
long,  with  the  articular  extremities  slightly  enlarged. 

The  dorsal  fin  (a)  has  a  very  extraordinary  development ;  its  ante- 
rior elongated  portion  is  estimated  to  be  as  long  as  the  whole  fish 
minus  the  tail,  and  rises  up  from  the  dorsal  ridge  a  little  in  advance  of 
the  centre,  consequently  just  in  front  of  the  position  of  the  anal  fin, 
in  the  form  of  a  scimitar  slightly  bent  forwards.  It  seems  to  have 
been  in  the  larger  specimens  upwards  of  4|  inches  in  length,  and  is 
extremely  narrow,  being  only  ^  inch  wide  an  inch  from  the  base, 
gradually  tapers  to  a  fine  point  above,  and  as  gradually  widens  down- 
wards to  within  ^  inch  of  the  base,  which  suddenly  expands,  stretch- 
ing forwards  almost  as  far  as  the  occiput,  and  backwards  to  the  root  of 
the  tail,  as  a  narrow  fringe,  similar  in  height  and  appearance  to  that 
on  the  opposite  or  ventral  margin.  The  anterior  prolongation  (a")  is 
composed  of  a  double  lateral  series  of  about  twelve  low,  stout,  pointed, 
scale-like  rays  or  processes,  the  fin-fulcra,  inclining  and  increasing 
in  length  backwards.  The  first  of  the  series  is  extremely  short,  just 
appearing  above  the  dorsal  ridge ;  the  last  is  about  ^  inch  in  length ; 
and  the  whole,  leaning  in  the  direction  of  the  fin,  one  supporting 
the  other,  form,  as  it  were,  a  sort  of  buttress  to  the  base  of  the 
enormously  elongated  fin.  Only  a  few  of  the  central  rays  reach  to 
the  top  of  this  elongated  portion  of  the  fin ;  both  in  front  and  be- 
hind they  die  out  gradually.  At  the  base,  just  above  the  anterior 
fin-fulcra,  there  are  twelve  or  thirteen  rays ;  halfway  up  they  are 
reduced  in  number  to  seven  or  eight ;  and  witliin  half  an  inch  of  the 
top,  judging  by  the  upper  portion  of  a  fin  in  our  possession,  there 
are  only  four  or  five.  All  the  rays  are  divided  into  numerous  and 
unusually  elongated  joints  (^g,  4),  which  at  the  points  of  articulation 
are  slightly  enlarged.  The  joints  are  longest  in  the  centre  or  anterior 
rays,  some  of  them  measuring  -j^  inch  in  length. 

The  tail  is  distinctly  heterocercal,  and  is  deeply  and  regularly 
forked,  the  upper  lobe  being  only  a  little  longer  than  the  under. 
The  former  is  1|  inch  in  lengthy  and  from  tip  to  tip  of  the  lobes  the 
tail  is  1|  inch  in  width.  The  anterior  margin  of  the  upper  lobe  is 
defended  by  a  closely  arranged  series  of  stout,  sharply  pointed,  ena- 
melled, scale-like  processes  or  fin-fulcra  (fig.  1,/),  which  imbricate 
and  diminish  in  size  backwards.  Behind  or  below  these  there  is  a 
double  row  of  rhombiform  scales  (e),  likewise  covered  with  enamel 
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and  aiiaoulatiiig  lengthwise  by  notehes  and  points.  The  fin-rays, 
which  oooupy  more  than  half  the  width  of  the  entire  lobe,  are  rather 
delicate,  jointed,  and  bifurcated  once  or  twice  at  the  extremities. 
The  rays  are  longest  and  are  much  inclined  on  the  lobes,  and  be- 
come shorter  and  less  inclined  in  the  axis  of  the  fork. 

Perhaps  the  most  curious  feature  in  this  interesting  fish  is  found 
in  the  character  and  mode  of  arrangement  of  the  more  or  lees  bony 
plates  and  rods,  regarded  by  Gennar  as  composing  an  internal 
«  bony  skeleton ; "  and,  indeed,  in  the  general  disposition  of  the  com- 
ponent parts  there  is  a  strong  resemblance  to  such.  On  examin- 
ing them  in  detail,  however,  there  are  one  or  two  anomalous  features 
which  render  it  ^fficult  to  work  out  the  homologies  of  the  bones; 
and  the  discrepancies  are  of  a  nature  to  raise  the  questions.  Do,  in- 
deed, all  these  bones  really  belong  to  an  endo-skeleton  ?  and  may 
they  not  in  part  belong  to  an  exo-skeleton  ?  Before,  however,  eur 
tering  on  these  points  it  will  be  better  to  describe  the  form  and  ar- 
rangement of  these  peculiar  plates  and  rods.  And  for  the  sake  of 
avoiding  circumlocution,  and  to  simplify  the  description,  we  shall 
give  to  the  various  parts  distinct  names,  referring  only  occasionally 
to  those  in  general  use,  for  the  purpose  of  pointing  out  resemblances. 

The  plates  and  rods  are  arranged  in  transverse  series,  of  which 
there  are  twenty-seven  or  twenty-eight,  extending  from  the  occiput 
to  the  root  of  the  tail,  reminding  one  much  of  the  disposition  of  the 
transverse  flakes  of  muscle  observed  on  the  sides  of  the  body  of  a 
fish  when  the  skin  has  been  removed.  These  transvei-se  series  of 
plates  and  rods  are,  for  the  most  part,  plai'cd  a  little  asunder,  but 
are  at  some  points  in  contact,  and  occasionally  seem  as  if  imbricated. 
They  are  in  contact  along  the  longitudinal  middle  line,  which  corre- 
sponds to  the  usual  lateral  line  or  the  line  of  the  vertebral  column. 
Here  there  is  a  chain  of  lozenge-shaped  plates  or  areas  (h)  with  their 
angles  placed  lengthwise  and  transversely.  In  the  centre  of  each  there 
is  an  elongated  rounded  ridge  (fig.  2,  h')  placed  longitudinaUy ;  these 
ridges  resemble  the  mucus-tubes  of  the  lateral  line  of  certain  fishes. 

These  lozenge-shaped  areas  or  plates  measure  about  y^  inch  across. 
From  either  side  of  each  of  them  there  extends  a  longitudinal  trans- 
versely elongated  plate  (figs.  1,  2,^)  inclined  backwards,  the  largest 
of  which  measures  about  \  inch  in  length ;  these,  which  we  shall  call 
the  lateral  plates,  are  expanded  and  bifurcated  {g')  in  the  direction  of 
the  length  of  the  fish  at  their  inner  extremities,  and  thus  embrace,  as 
it  were,  the  lozenge-formed  areas  or  plates  bearing  the  ridges  already 
described ;  or  perhaps  this  arrangement  would  be  better  described 
by  stating  that  the  forks  of  the  opposed  plates,  meeting  on  the  me- 
dian line,  form  the  lozenge-shaped  areas  or  plates,  to  which  they 
give  an  elevated  border.  The  lateral  plates  have  a  boss-like  en- 
largement at  the  point  of  bifurcation ;  here  the  plates  are  narrowest ; 
hence  they  widen  gradually  for  some  distance,  and  then,  turning 
backwards,  taper  to  the  termination.  The  maigins  are  abruptly 
defined,  and  are  slightly  elevated  into  narrow  ridges,  which  die  out 
towards  the  outer  margin.  The  bifurcations  of  the  adjacent  plates 
are  in  contact ;  and  so  are  the  outer  terminations.     But  fbr  the  rest. 
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the  plates  are  divided  by  a  lanceolate  space.  The  tapering  distal  or 
outer  extremities  of  the  lateral  plates  are  united  each  to  a  stoutish 
rod  ({),  which  at  the  point  of  union  is  cylindrical  and  somewhat 
enlarged.  These  are  slightly  arched  backwards  and  inclined  consider- 
ably in  the  same  direction ;  their  outer  extremities  are  a  little 
widened,  flattened,  and  grooved  longitudinally ;  and,  suddenly  con- 
tracting, they  turn  forwards,  and  each  becomes  joined  to  the  inner 
pointed  extremity  of  a  sigmoidal  ridge-like  plate  (J)^  which  rises  boldly 
up,  and  which,  inclining  much  forward,  terminates  in  a  recurved 
sharp  point  a  little  within  the  general  margin  of  the  fish.  The  sig- 
moidal ridges  gradually  widen  in  the  centre,  where  there  is  a  longi- 
tudinal groove  ;  and  they,  as  well  as  the  rods,  are  divided  irom  each 
other  by  a  considerable  space.  Such  is  the  general  appearance  of  these 
sigmoidal  ridges  or  plates ;  but  on  closer  examination  the  ridges  are 
found  to  be  formed  of  the  tumed-up  edges  of  wide  flat  sigmoidal 
plates(/),  which  extend  from  ridge  to  ridge. 

Such  is  the  description  of  the  transverse  series  of  plates  and  rods 
of  the  posterior  half  of  the  body,  numbering  sixteen  or  seventeen 
corresponding  to  the  caudal  vertebrae,  to  which  the  lozenge-shaped 
areas  and  lateral  plates  have  a  strong  resemblance.  On  the  anterior 
half  the  dorsal  members  of  the  transverse  plates  and  rods  are  some- 
what modified.  The  central  lozenge-shaped  plates  bearing  the 
ridges  and  the  elongated  lateral  plates  are  continued  to  the  occiput 
unaltered  in  character,  or  only  slightly  changed  in  form.  Below,  or 
towards  the  ventral  margin,  the  sigmoidal  ridges  or  plates  seem  to 
be  replaced  by  a  series  of  seven  large  thoracic  or  ventral  plates  (t»), 
which  are  arranged  along  the  margin  of  the  body,  those  of  the  two 
sides  meeting  on  the  median  line,  where  doubtiess  they  formed  a 
sharp  edge.     They  are  f  inch  long,  and  about  ^  inch  wide. 

They  appeiir  to  imbricate  forwards,  and  are  of  an  irregular  ovate 
form,  with  the  posterior  margin  thin  and  somewhat  flattened,  and 
the  anterior  or  overlapping  margin  thickened,  grooved,  and  a  little 
shouldered  above.  We  say  appmr  to  imbricate  forwards ;  but  in  the 
most  perfect  specimens  there  are  indications  that  they  are  really  im« 
bricated  backwards,  the  groove  of  the  anterior  margin  receiving  the 
thin  posterior  border  of  the  preceding  plate ;  and  the  appearance  to 
the  contrary  seems  to  be  owing  to  dislocation.  Both  extremities  of 
the  plates  are  drawn  out,  the  lower  one  being  considerably  pro- 
longed, pointed,  and  directed  backwards.  The  upper  extremities 
are  directed  upwards  .and  forwards,  and  are  produced  into  widish 
columns  {n)  (the  ribbon-shaped  organ  of  Germar),  the  two  or  three 
anterior  of  which,  increasing  in  length  backwards,  terminate  imme«- 
diately  behind  the  clavicle.  The  posterior  ones  pass  upwards,  and  are 
united  to  the  outer  extremities  of  the  lower  lateral  plates  near  the 
occiput.  These  columns,  which  ai'e  divided  by  narrow  spaces,  pve- 
sent  a  very  peculiar  appearance.  Eaoh  of  them  is  composed  of  nume- 
rous, narrow,  much  elongated  plates  or  rods,  with  pointed  extremi- 
ties, which,  overlapping  each  other  considerably,  give  to  the  whole  a 
sort  of  twisted  look.  They  are  probably,  however,  in  a  disturbed 
state.     About  seven  of  the  lower  lateral  plates  next  the  occiput  are 
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in  connexion  with  these  columns,  which  seem  to  divide  into  th^ 
component  parts  as.  they  approach  them,  two  or  three  heing  thua 
joined  to  each  column ;  but  in  all  our  specimens  this  part  of  the  fidi 
is  injured.  The  lateral  j^tes  are  narrower  than  those  lower  down 
the  body,  and  apparently  gradually  subside  into  the  columns^  without 
any  distinguishmg  point 

These  lateral  plates  at  this  point  incline  forwards ;  the  few  next 
lower  down  are  much  inclined  backwards ;  so  that  there  is  here  a 
large  space  over  the  abdominal  region  devoid  of  all  such  appendages. 
In  all  the  four  specimens  this  is  the  case,  as  well  as  in  the  German 
specimens  before  referred  to ;  and  it  is  therefore  probably  tbe  natural 
condition,  and  is  not  owing  to  accidental  circumstances,  though  it  is 
possible  enough  Ihat  pressure  may  have  had  something  to  do  in 
forcing  the  plates  asunder. 

The  ventral  plates  (m)  extend  from  the  root  of  the  ventral  fins  to 
almost  the  conmiencement  of  the  anal ;  and  from  the  lower  part  of  the 
posterior  plate  there  is  a  stout  rod  or  process  (o)  extending  upwards 
and  backwards  as  far  as  the  outer  extremities  of  the  lateral  plates. 
Below,  this  process  is  wide  and  flattened ;  above,  it  is  cylindrical ;  and 
at  the  point  where  this  change  takes  place  it  h  obtusely  angulated 
backwards,  the  whole  being  a  little  arched  in  the  same  diroction. 
There  are  apparently  two  of  these  great  abdominal  rods  or  processes, 
one  belonging  to  each  side,  giving  support  probably  to  Uie  lower 
posterior  boimdaiy  of  the  abdominal  w^  and  limiting  in  this  di- 
rection the  naked  space  above  alluded  to  as  extending  over  the  lateral 
walls  of  the  abdominal  chamber.  These  two  stout  rods  are  closely 
pressed  together,  and  in  all  the  specimens  are  much  confounded  with 
each  other. 

Above  the  median  line,  in  front,  the  outer  members  of  the  series  of 
transverse  plates  and  rods  are  likewise  considerably  modified.  The 
change  takes  place  gradually,  just  behind  the  elevated  portion  of  tbe 
dorsal  fin.  The  lateral  plates  {^.  3,  g),  however,  are  only  slightly 
modified ;  but  instead  of  being  united  to  rods  are  continued  as  broad 
flat  plates  (i),  which,  inclining  forwards,  become  angulated  in  front, 
and  then  for  a  short  diEftance  {j)  incline  backwards  and  are  united 
to  a  series  of  hour-glass-shaped  plates  (h)  that  lean  in  the  opposite 
direction,  are  extended  to  the  dorsal  margin,  immediately  below  the 
anterior  portion  of  the  dorsal  fin,  and  form  part  of  an  extended  series 
that  readies  to  the  root  of  the  taiL  The  broad  plate  inclining  fdk^ 
wards  and  in  continuation  of  the  lateral  plates,  is  undoubtedly  a  modi- 
fication of  the  rod  of  the  posterior  part  of  the  body ;  its  margins  are 
abrupt  and  produced  into  slightly  ^evated  ridges ;  and  it  contracts  a 
little  towards  its  outer  extremity,  and  is  slightly  thickened  at  this 
point  The  next  portion,  which  inclines  backwards,  appears  to  re-- 
present  tbe  sigmoidal  ridge  or  plate.  The  maj^ns  of  this  portion 
of  the  series  are  in  contact,  and  seem  to  be  slightly  imbricated ;  and 
the  outer  extremities  are  turned  a  little  forwards  to  become  united 
to  the  external  hour-glass-shaped  plates. 

In  the  transverse  centre  of  these  modified  sigmoidal  plates  there 
is  a  ridge  (/'),  similar  in  ^ipearance  to  that  on  the  median  lozenge- 
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shaped  areas.  This  upper  series  of  ridges  forms  a  line  which  ex- 
tends firom  the  nape,  a  little  above  the  commencement  of  the  lozenge- 
shaped  areas,  and,  passing  backward  parallel  to  them  and  about  mid- 
way between  them  and  the  dorsal  margin,  tern^ates  immediately 
behind  the  anterior  elongated  portion  of  the  dorsal  fin.  This  line  of 
ridges  resembles  the  upper  line  of  mucus-tubes  in  Polypterus  (*  Pois- 
sons  Fossiles,'  t.  ii.  pt.  2.  p.  50)  and  in  Dapediusjfnmctatus  {ibid,  t.  ii. 
p.  192,  pL  25  a) ;  and,  indeed,  in  the  latter,  which  in  form  closely 
resembles  Dorypierus,  this  upper  or  second  lateral  line,  according  to 
Agassiz,  holds  relatively  exactly  the  same  position. 

The  marginal  hour-glass-shaped  plates  have  their  sides  abrupt  and 
slightly  elevated  into  ridges.  A  similar  ridge  passes  along  the  centre ; 
and  the  most  contracted  part  of  the  plate  is  thickened  or  elevated, 
the  ends  becoming  depressed  and  thin.  These  peculiar  plates,  we 
have  said,  form  a  portion  of  a  marginal  series  (fig.  1,  Jc)  that  reaches 
to  the  root  of  the  tail.  Behind  the  anterior  or  elevated  division  of 
the  dorsal  fin  they  are  much  reduced  in  sixe,  diminishing  backwards 
in  length  in  proportion  to  the  reduced  height  of  the  fin,  and  are  not 
connected  with  the  sigmoidal  extremities  of  the  transverse  series  of 
plates  and  rods ;  neither  do  their  outer  extremities  appear  to  articu- 
late with  the  fin-rays,  though  there  are  prett}'^  regularly  two  rays 
to  each  plate.  The  largest  of  the  hour-glass-shaped  plates  are  -j^  of 
an  inch  in  length.  These,  in  their  arrangement  and  situation,  re- 
semble fin-supports, 

A  similar  series  of  hour-glass-shaped  plates  extends  along  the 
ventral  margin  immediately  within  the  base  of  the  anal  fin,  and  are 
large  in  front  for  some  short  distance  backwards,  correspouding  to 
the  space  occupied  by  the  enlaiged  anterior  portion  of  the  fin.  These 
large  plates  and  the  large  ones  at  the  root  of  the  dorsal  seem  to  be 
articulated  with  the  fin-rays. 

The  whole  of  the  transverse  plates,  areas,  and  rods,  as  well  as  the 
ventral  plates  and  columns  and  great  posterior  abdominal  rods,  seem 
as  if  covered  with  black  enamel-like  matter,  haviog  a  semigloss  si- 
milar in  appearance  to  that  which  covers  the  head-bones  and  fin- 
rays.  Indeed  some  of  them  seem  as  if  composed  of  nothing  else ; 
and  such  is  the  appearance  of  a  few  of  the  cranial  bones  themselves. 
The  bony  support,  however,  can  be  traced  in  some  of  them ;  and  a 
few  of  the  lateral  rods  are  hollow,  the  bony  or  cartilaginous  support 
having  apparentiy  disappeared.  But  this  enamel-like  matter  dbes 
not  seem  to  have  been  confined  to  these  parts  ;  it  appears  to  have 
been  continued  as  a  thin  film  composed  of  granules  between  the 
series  of  plates,  and  was  extended  over  the  entire  surface  of  the  fish 
as  a  dermal  envelope,  the  plates  and  rods  being,  as  it  were,  immersed 
in  it.  Such  is  the  appearance  particularly  in  the  region  of  the  sig- 
moidal ridges,  where  there  is  a  continuous  darkish  film  of  consider- 
able thickness,  having  a  granulated  surface  and  giving  the  appear- 
ance to  them  of  a  series  of  broad  continuous  plates,  which  in  all 
probability  they  are,  the  grooves  in  the  ridges  limiting  the  anterior 
and  posterior  margins  of  each  plate.  And  there  is  usually,  extending 
from  the  margin  of  the  lateral  plates,  a  broken  fringe  (figs.  2, 3,  t;)  of 
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black  matter  continuous  with  that  which  covers  the  plates,  and  which 
seems  to  be  the  remains  of  the  ruptured  film  or  dermal  envelope.  In 
fact,  in  one  or  two  places  where  the  plates  are  more  approximated 
than  usual,  the  continuity  of  the  connecting  film  is  quite  obvious. 

Now  comes  the  question.  Are  the  whole  of  Hiese  plates  and  rods 
the  component  parts  of  an  endo-skeleton,  or  do  they  partially  belong 
to  an  exo-skeleton  ? 

At  first  sight  one  is  disposed  to  look  upon  these  plates  and  rods 
as  the  remains  of  an  endo-skeleton  in  a  more  or  less  disturbed 
condition ;  but  on  a  closer  examination  a  certain  difficulty  presents 
itself.  There  is  an  element  or  two  too  much,  that  are  not  found 
in  the  usual  ichthyic  skeleton.  The  sigmoidal  plates  and  their 
rods  (fig.  Ifjif.y  i)  are  additional  parts  that  are  very  perplexing ; 
had  they  not  existed,  there  would  have  been  no  difficulty  in  the 
matter.  The  lozenge-shaped  areas  and  the  lateral  plates  in  that 
case  might  have  been  assumed  at  once  to  be  a  p.'^rtially  ossified 
vertebral  column  with  the  neural  and  haemal  spines  attached,  and 
the  hour-glass-shaped  plates  the  fin -supports.  But  these  redun- 
dant sigmoidal  plates  and  rods  must  likewise  be  taken  into  account. 
What  are  they  ? 

We  have  to  express  our  indebtedness  to  Prof.  Huxley  for  an  answer 
to  this  question. 

All  the  Pycnodonts  have  supplementary  spinous  processes,  which 
extend  from  the  vertebral  spin^  to  the  interspinous  processes  or 
fin-supports.  The  lateral  rods,  then,  in  Darypttrus  would  appear 
to  be  the  homologiies  of  these  supplementery  spinous  processes. 
Such  being  the  case,  the  only  remaining  anomalous  feature  to  be 
explained  is  the  sigmoidal  plates.  These,  there  can  be  Httle  doubt, 
are  dermal,  and  consequently  do  not  belong  to  the  endo-skeleton  ; 
they  are  parts  of  an  exo-skeleton,  and  therefore  belong  to  the  same 
category  as  the  ventral  plates,  which  are  assuredly  dermal.  But  this 
is  not  so  clear  with  regard  to  the  peculiar  com|x>und  columns  with 
which  the  latter  are  connected,  though  it  would  seem  evident  that 
the  lower  portion,  which  is  continuous  with  the  plates,  should  be  so 
considered.  The  upper  and  larger  portion,  however,  of  the  column, 
which  is  composed  of  numerous  elongated  rods  articulated  length- 
wise with  each  other  and  with  the  upper  prolongation  of  the  plates, 
probably  belongs  to  the  endo-skeleton.  These  peculiar  columns,  in 
thdr  compound  stnictore  and  twisted  appearance,  closely  resemble 
similar  columns,  which  are  considered  to  be  ribs,  inPycnodits  rJiomhus^ 
Ag.,  and  in  which  they  are  apparently  joined  to  the  vertebrae.  In 
Dorypterus^  too,  the  compound  columns  seem  to  have  their  upper  ex- 
tremities united  to  the  lateral  plates  or  neural  spines.  It  would 
therefore  seem  probable  that  in  this  genus  the  upper  portions  at  least 
of  the  columns  are  likewise  ribs. 

The  great  abdominal  rods  have  a  strong  resemblance  to  the  bone 
similarly  sitoated  in  such  fishes  as  Vomer,  Zens,  and,  according  to 
Agassi z^R  restoration,  also  PJah/somiis ;  but  in  these  it  seems  to  be 
an  enlarged  development  of  an  interhaemal  spinous  process :  while 
in  Donjpteriis,  in  which  there  appear  to  be  two  such  rods,  they  seem 
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to  be  developed  in  connexion  with  the  posterior  pair  of  ventral  plates ; 
nevertheless  they  are  probably  internal  bones. 

On  the  whole,  then,  it  seems  pretty  clear  that  these  peculiar 
plates  and  rods  in  Doi^terus  are  the  component  parts  of  both  an 
endo-  and  an  exo-skeleton.  The  lozenge-shaped  plates  or  areas  are 
the  vertebral  centres,  or  rather  the  remains  of  them ;  the  lateral 
plates  are  the  neuitd  and  haemal  spines,  and  the  rods  in  cotinexion 
with  them  are  the  supplementary  spinous  processes ;  while  the  hour- 
glass-shaped plates  are  the  interspinal  processes  or  fin-supports,  and 
the  greater  portion  of  the  compound  thoracic  columns  are  apparently 
libs.  All  these,  as  well  as  the  great  abdominal  rods,  are  component 
parts  of  the  internal  bony  skeleton. 

The  sigmoidal  and  ventral  or  thoracic  plates,  together  with  the 
upward  prolongation  of  the  latter,  foiming  the  basal  portion  of  the 
compound  thoracic  columns,  seem  to  be  developments  of  the  skin, 
and  consequently  belong  to  an  exo-skeleton.  The  plates,  too,  that 
apparently  correspond  on  the  shoulder  to  the  sigmoidal  plates  of 
the  posterior  portion  of  the  body,  are  most  likely  also  dermal ;  and 
if  so,  the  ridges  in  their  transverse  centre  which  form  a  line  extend- 
ing  from  the  nape  to  some  distance  down  the  body  are  probably  true 
mucus-tubes,  which  they  so  much  resemble. 

There  is  not  much  more  to  say  with  respect  to  this  matter.  We 
may  observe,  however,  that  in  Dorypteras  the  ganoid  type  is  modi- 
fied ;  and  in  this  interesting  form  we  see,  for  the  first  time  in  the 
geological  series,  a  true  thoracic,  or  rather  a  true  jugular  fish  of  the 
linnean  classification ;  for  the  ventral  fins  are  considerably  in  ad- 
vance of  the  pectorals,  and,  indeed,  they  are  placed  as  far  forward 
as  it  is  possible  for  them  to  be.  Some  change  in  the  body-scales 
might  therefore  be  expected,  though  the  fins  have  the  usual  struc- 
ture of  those  of  the  group  to  which  this  fish  belongs ;  and  the  tail 
is  decidedly  heterocercal,  with  the  lobes,  which  are  deeply  forked,  of 
nearly  equal  length.  And  in  the  upper  lobe  there  is  a  double  row 
of  the  usual  rhomboidal  scales,  resembling  in  their  form  and  mode  of 
articulation  those  on  the  tail  of  Acipenser  Sturio,  linn.  No  other 
scales  are  observed  on  any  part  of  the  body  of  either  of  the  four 
specimens,  unless,  indeed,  the  ventral  and  sigmoidal  plates  be  so  con- 
sidered. We  have,  then,  in  Dorypteras  a  ganoid  fish  not  only  de- 
prived of  body-scales,  but  without  plates  of  any  kind  except  those 
just  alluded  to. 

Having  now  given  the  result  of  a  careful  examination  of  all  the 
four  specimens  at  our  disposal,  collating  and  rigorously  estimating 
the  facts  exhibited  by  each,  we  shall  now  give  separate  descriptions 
of  the  specimens  themselves,  marking  emphatically  the  points  for 
which  each  is  distinguished. 

The  first  specimen  (PI.  XLIII.  fig.  1)  that  we  shall  notice  is  from 
the  cabinet  of  our  friend  Edward  Wood,  Esq.,  Richmond,  Yorkshire. 
It  is  4  inches  long,  including  the  tail,  and  is  about  1|  inch  deep  at 
the  deepest  part.  The  anterior  portion  is  well  preserved.  The  head 
is  one-third  of  the  entire  length  of  the  fish,  exclusive  of  the  tail- 
lobes,  and  is  one-third  higher  than  long ;  it  is  arched  in  front,  being 
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mostprotaberaiitatthemuzsLe;  bebind»iti8aii|>falatedneartheoeiitie^ 
the  posterior  margin  of  the  opercolam  («)  determining  the  form ;  the 
jaws  (p,  q)  aro  nearly  perfect,  and  are  closed,  showing  that  the  montii 
shuts  upwards ;  the  maxilla  is  wanting,  only  the  impression  of  it 
remaining,  indicating  its  form  and  position.  The  brow,  orbit  (tc), 
gill-cover,  and  cla?ide  (r)  are  all  in  their  natural  positions,  no  oon- 
siderable  disturbance  of  these  parts  having  taken  place. 

The  pectoral  iin  (c),  though  in  disorder,  occupies  its  proper  situation 
immediately  below  the  angle  of  the  operculum^  near  tiie  longitudinal 
centre ;  and  one  of  the  ventral  fins  (d)  is  weU  displayed  at  the  ventral 
margin  in  connexion  with  the  lower  extremity  of  the  daviele.  It 
is  narrow,  and  its  pointed  extremity  indines  backwards  as  far  as  the 
posterior  extremity  of  the  second  ventrsl  or  thoradc  plate;  it  is 
upwards  of  half  an  inch  in  length.  Little  more  than  half  an  inch  re- 
mains of  the  elongated  portion  of  the  dorsal  fin  (a) ;  and  mere  traces 
are  perceptible  of  the  narrow  posterior  division.  The  narrow  back- 
ward portion  of  the  anal  fin  is  scarcely  distinguishable ;  but  the  large 
anterior  member  (6),  though  not  entire,  is  distinct  about  the  middle  of 
the  ventral  margin  and  a  little  behind  the  ventral  plates.  The  tail- 
fin  is  almost  perfect,  exhibiting  both  the  general  outline  with  the 
lobes  spread  and  the  surface- characters.  The  upper  lobe,  which  is  a 
little  longer  than  the  under,  is  about  an  inch  long. 

The  transverse  series  of  plates  and  rods  are  much  distiirbed  over 
the  whole  surface,  though  in  places  they  are  partially  in  order  and 
show  the  same  surface-characters  as  are  dis}^yed  in  speoimens  in 
which  these  parts  are  more  perfect ;  and,  as  in  them,  they  are  covered 
with  black  enamel-like  matter.  The  ventral  plates  (m) ,  however,  are 
arranged  in  complete  order  along  the  ventral  margin,  &om  the  base 
of  the  ventral  fin  to  a  little  in  front  of  the  anal,  overlying  each  oxher 
apparently  forwards ;  but  on  doser  examination  they  are  seen  to 
imbricate  backwards,  and  to  give  off  from  their  upper  extremities  the 
peculiar  compound  columns  (n)  already  described,  which,  extending 
upwards  in  parallel  order,  incline  towards  the  head.  The  anterior 
ones  are  the  shortest,  and  appear  to  terminate  near  to  the  margin 
of  the  daviele.  A  few  of  the  posterior  pass  above  the  angle  of  &e 
operculum  and  can  be  seen  to  join  with  the  lateral  plates  of  this 
region,  notwithstanding  that  they  are  much  disturbed.  The  large 
posterior  abdominal  rods  (0)  occupy  their  usual  position,  sloping 
backwards  from  the  last  ventral  plate. 

The  specimen  (PL  XTJTT.  fig.  2)  next  to  be  described  is  higjily 
instructive,  though  it  is  in  many  parts  much  disarranged.  The  head, 
in  particular,  has  greatly  suffered,  the  upper  margin  being  entirdy 
obscured  by  the  opercula(8),  which  have  been  torn  from  their  natural 
positions  and  turned  upwards  and  forwards ;  their  lower  extremities 
are  placed  dose  together,  and  project  in  front  of  the  brow.  They  lie 
with  the  external  surface  uppermost,  their  anterior  margins  approxi- 
mating. That  bdoDging  to  the  right  side  has  carried  along  with  it 
the  pectoral  fin  (c),  which  is  beautifully  displayed,  in  an  expanded 
state,  almost  complete.  The  left  pectoral  is  diBtinctiy  seen  in  its 
natural  position,  though  much  injured,  and  overlain  by  a  thin  film  of 
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apparently  the  skin.  The  mandibles  are  not  disturbed,  and  bj  their 
position  indicate  that  the  month  was  closed ;  but  the  bones  of  the 
upper  jaws  are  not  determinable,  except  the  left  maxilla,  which  is  in 
a  pretty  perfect  state ;  the  prsomAxilla,  however,  has  been  torn  away. 
The  orbit  (u)  is  pretty  well  preserred,  but  is  remoTed  a  little  below 
the  natural  position. 

The  contour  of  the  dorsal  margin,  in  front  of  the  dorsal  fin,  is 
entirely  lost,  this  r^ion  having  been  forced  downwards  nearly  as 
far  as  the  centre  of  the  body.  Posteriorly,  however,  the  whole  form 
is  well  preserved,  and  exhibits  the  transverse  plates  and  rods  in  a 
good  state  of  preservation,  the  series  of  lateral  (g)  and  sigmoidai 
plates  (j)  being  almost  complete ;  the  line  of  the  central  lozenge- 
shaped  plates  (h)  is  also  quite  distinct,  with  a  plate  here  and  there 
bearing  a  central  ridge.  In  front  this  line  is  thrown  suddenly 
upwards,  in  consequence  of  the  ruptured  condition  of  the  anterior 
parts.  Twenty-eight  lateral  plates  can  be  counted,  and  fifteen  or 
sixteen  sigmoidai  ones  along  the  lower  margin ;  only  ten  or  eleven 
can  be  made  out  of  the  dorsal  row. 

One  of  the  most  interesting  features  in  this  specimen  is  the  ven- 
tral plates  (m),  which  are  displayed  in  a  remarkable  manner.  With- 
out the  aid  of  this  specimen  it  might  have  been  difficult  to  determine 
the  existence  of  a  double  series  of  these  plates,  one  belonging  to  each 
side  of  the  abdomen.  Here,  however,  both  sets  are  most  sati^actorily 
seen,  those  belonging  to  the  exposed,  or  left  side,  being  arranged  in 
their  natural  order,  while  those  of  the  right  side  are  turned  down- 
wards below  the  ventral  margin,  so  that  their  outer  surface  is  placed 
upwards  and  in  the  same  plane  with  the  similar  aspect  of  the  other 
plates.  The  lower  margins  of  the  two  sets  are  in  dose  contact, 
the  line  of  junction  coinciding  with  the  ventral  margin.  The  plates 
in  both  series  incline  forwards,  their  pointed  extremities  being 
turned  backwards ;  and  the  compound  columns  (n)  in  connexion  with 
the  upper  extremities  are  distinctiy  displayed,  those  belonging  to  the 
left  side  taking  their  usual  course  upwards  in  the  direction  of  the 
head  and  lozenge-shaped  area,  those  on  the  right  side,  or  those  of 
the  displaced  series,  pasnng  outwards  from  the  specimen,  the 
columns,  like  the  platea  themselves,  having  been  displaced  and 
thrown  downwards.  And  thus  we  have  a  satisfactory  proof  that 
both  the  ventral  plates  and  columns  are  developed  in  two  lateral  and 
distinct  series.  And  furthermore  these  columns  are  seen,  in  the 
specimen  before  us,  to  pass  upwards  and  to  become  united  to  the 
lower  anterior  lateral  plates,  notwithstanding  that  they  are  much 
disturbed  at  thi»  point. 

The  dorsal  fin  (a)  has  been  broken  away,  only  three-quarters  of 
an  inch  remaining.  The  anterior  basal  extension,  however,  is  well 
shown,  as  this  portion  is  turned  a  littie  towards  the  observer  and 
has  been  forced  downwards.  Consequentiy  the  short  anterior  basal 
plates,  or  fin-fulcra  (a''),  are  seen  to  be  arranged  in  a  bilateral  series 
of  about  twelve.  This  bilateral  arrangement  of  the  fin-Mcra  is  not, 
we  believe,  usual  among  the  ganoids,  in  which  the  two  lateral  halves 
are  commonly  united  into  one  piece.     Mere  traces  are  observable 
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of  the  narrow  posterior  extension  of  ibe  fin,  though  the  margfinal 
honr-^kMS-ahaped  plates  are  regahirly  disposed  immediatelj  within 
the  posterior  slope.  Nothing  is  to  be  seen  of  the  anal  fin,  except  the 
base  of  the  anterior  portion,  at  which  point  the  honr-g^ass-shaped 
plates  are  distinctly  displayed ;  and  traces  of  them  are  visible  almost 
to  the  tail.  The  remains  of  both  ventral  fins  (d)  are  traceable 
immediately*  in  front  of  the  ventral  plates,  over  the  anterior  of  which 
one  of  them  is  spread,  the  rays  being  directed  backwards. 

The  tail  is  admirably  shown,  and  is  exceedingly  perfect.  The  lobes 
are  expanded,  exhibiting  the  depth  of  the  bifdrcation.  The  mar- 
ginal fdlcra,  ^tes  or  scales  (/),  and  the  doable  row  of  riiomhiform 
scales  (e)  beband,  &s  well  as  Uie  fin-rays  of  both  divisions,  are  very 
perfect,  the  latter  displaying  their  bi&rcated  extremities  stretched 
oat  The  lobes  are  about  equal  in  length,  if  measured  from  the  root, 
along  the  axis.  In  this  way  they  are  1-1-  inch  in  length ;  but  if 
measured  along  the  posterior  margin,  the  upper  lobe  is  nearly  1^  inch 
long,  and  the  under  lobe  only  X  of  an  inch  in  length.  The  width  of 
the  tail  frx>m  tip  to  tip  is  upwards  of  1|  inch.  The  specimen  measures 
4|  inches  in  length,  and  1^  inch  in  depth.  This  specimen  remains 
in  the  possession  of  Mr.  Duff,  to  whom  we  are  indebted  for  the  dis- 
covery of  these  and  many  other  interesting  fossil  remains. 

Our  third  specimen  (PI.  XLIII.  fig.  3)  is  the  only  one  which  lies 
with  its  right  side  exposed ;  all  the  other  three  have  the  left  side 
uppermost  This  measures  in  length,  including  the  tail  and  making 
allowance  for  what  is  wanting  in  frt>nt,  4|  inches,  and  in  depth  at 
the  widest  part  2^  inches ;  and  it  \b  chiefly  distrnguished  by  the 
large  portion  that  remains  of  the  dorsal  fin. 

The  head  does  not  appear  to  have  been  much  injured  when  the 
specimen  was  deposited ;  but  unfortunately  the  upper  and  frontal 
portions  are  broken  away.  The  orbit  *u),  however,  is  weU  marked ; 
and  so  are  the  boundaries  of  the  opercula  (s),  the  posterior  contours  of 
which  are  quite  distinct.  Three  or  four  of  the  ventral  plates  (m)  are 
seen  in  their  proper  places  in  frt>nt  of  the  anal  fin,  sending  upwards 
their  columns,  which  exhibit  well  their  compound  and  twisted  ap- 
pearance. Some  of  them  reach  the  lateral  plates  near  the  occiput. 
The  great  abdominal  rods  (o)  are  seen  in  connexion  with  the  poste- 
rior fdate  inclining  upwards  and  backwards. 

The  plates  and  roids  are  much  displaced :  but,  notwithstanding, 
their  connexions  and  characters  are  in  some  places  well  seen, 
particularly  the  relationship  of  the  lateral  plates  to  the  lozenge- 
shaped  central  plates,  or  areas,  on  a  few  of  which  the  median  ridge 
is  quite  distinct,  and  the  continuity  of  the  dark  enamel- like  surface- 
matter  with  that  covering  the  lateral  plates  is  very  obvious. 

Considerably  more  of  the  dorsal  fin  (a)  is  present  than  in  any  of 
ibe  other  specimens.  One  inch  and  three-quarters  of  it,  in  a  good 
state  of  preservation,  inclines  backwards;  and  in  frt>nt,  arranged  in 
exact  order,  are  twelve  or  thirteen  short  plates,  the  fin-fdlcra  (a") ;  but 
these  so  unperoeptibly  graduate  into  the  regular  rap  that  it  is  diffi- 
cult to  determine  the  exact  number ;  they  are  strong,  pointed,  and 
have  the  root  distinctiy  rounded.     The  broken  extremity  of  the  fin 
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18  a  little  less  thao  -j^  of  an  inch  wide ;  and  from  this  we  infer  that 
more  than  one-half  of  this  fin  is  wanting.  In  this  specimen  it  would 
probably  be  a  little  shcnrt  of  4  inches  long.  There  are  twenty-fonr  or 
twenty-five  rays  at  the  base  of  this  elongated  portion,  including  the 
short  anterior  plates  or  fulcra ;  and  1|  inch  up  only  seven  or  eight  can 
be  counted.  Very  little  is  to  be  seen  of  the  narrow  posterior  portion 
of  the  fin,  there  being  only  a  slight  trace  of  a  few  rays. 

The  pectoral  fins  (<;)  are  in  a  pretty  perfect  condition,  occupying 
their  natural  position  immediately  behind  the  posterior  angle  of  the 
g£U-covers,  one  partially  overlying  the  other.  At  the  root  of  one 
of  them  there  are  two  flat  curved  bones,  which  may  perhaps  be 
respectively  the  scapula  and  coracoid.  Aiiaing  from  these  are  the 
brachiab  (c'),  to  the  number  of  fourteen  or  fifteen ;  they  are  about 
^  (^  an  inch  long,  and  are  delicate  and  flat,  thicker  than  the  fin-rays, 
with  the  extremities  obtuse ;  and  there  are  two  simple  rays,  composed 
of  many  joints,  to  each  brachial. 

The  remains  of  both  tbo  ventral  fins  (d)  are  seen  in  front  of  the 
ventral  plates,  the  edge  of  the  belly  bemg  turned  a  little  upwards. 
Two  elongated  bones,  nearly  |  of  an  inch  long,  lie  in  contact  with 
them,  and  have  their  anterior  ends  a  little  enlarged  and  nodulous. 
These  are  probably  the  pelvic  bones,  to  which  the  fins  were  attached, 
the  thickened  extremities  having  all  the  appearance  of  articular 
sui^M^es.  The  mere  casts  of  these  bones  are  observed  in  connexion 
with  the  specimen ;  but  the  bones  themselves  are  present  on  u 
fragment  of  the  slab  that  was  split  ofif  from  the  specimen. 

The  enlarged^rtion  of  the  anal  fin  (b)  is  pretty  weU  displayed, 
immediately  behmd  the  ventral  plates;  btlt  the  narrow  posterior 
part  is  scarcely  traceable. 

The  tail  is  well  developed ;  but  half  of  the  upper  lobe  is  wanting. 
The  under  lobe  shows  distinctly  the  numerous  short  joints  of  which 
the  rays  are  composed,  as  well  as  their  terminal  bifurcations.  Thi» 
lobe  is  IJ  inch  long.  The  scales  (e)  and  marginal  plates,  or  ful- 
cra (/),  are  well  preserved  on  the  upper  lobe. 

T&  last  specimen  (PI.  XLIII.  fig.  4)  we  have  to  describe  is  the 
largest  of  the  four ;  it  is  5  inches  in  length  and  2^  inches  deep.  The 
head  is  much  crushed ;  but  the  orbit  (u),  the  narrow  elongated  gill- 
plates  (s),  and  jaws  (p,  q)  are  all  determinable,  though  much  injured. 
The  ventral  plates  are  confused  and  broken ;  they  occupy,  however, 
their  natural  position ;  and  a  few  of  the  compound  columns  are  present 
and  can  be  traced  to  the  anterior  lateral  plates.  The  great  abdominal 
rods  (o)  are  also  conspicuous,  inclining  backwards,  the  lower  wide 
extremities  in  contact  with  the  last  ventral  plate  and  the  upper 
extremities  leaning  against  and,  as  it  were,  pushing  backwards  the 
lateral  plates  in  the  immediate  vicinity  of  the  abdomen. 

The  lateral  plates  (g)  and  rods  (i)  are  well  preserved ;  and  the 
series  of  lozenge-shaped  areas  (A)  form  a  distinct  line  from  end  to 
end,  diBpla3dng  better  than  any  of  the  other  examples  the  elevated 
central  ridges.  The  plates  on  the  shoulder  (/)  arc  also  beautifully 
preserved  in  regular  order,  and  exhibit,  in  great  perfection,  the 
ridges  resembling  mucus-tubes;  and  the  whole  series  of  the  sig- 
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OMndal  platei  (/),  with  their  rods  (t),  along  the  Teotnl  iiuag;iii,  can 
he  detennined ;  and  some  of  them  are  in  good  ooodition.  The  hour- 
glaaa-ehaped  platee  (k)  are  quite  distinety  and  aie  r^gularlj  ananged 
along  the  same  maigin ;  and  ihoae  hebw  the  devmted  poiti<m  of  the 
donal  fin  are  likewiae  in  ej;eellent  coder. 

No  difltiBct  traeea  of  either  the  peetoral  or  TentnJ  fina  are  left. 
The  donal  fin  {a),  too,  is  yery  imperfect,  |  of  an  indi  only  remain- 
ing. The  short  anterior  plaiea,  or  fulcra  (a'%  are  pretty  distinct ; 
hat  the  merest  traces  are  foond  of  the  nanov  posterior  part.  The 
greater  portion  of  the  anterior  division  of  the  anal  fin  (6)  ia  well  pre- 
served, and  the  nazrow  poeterior  part  (6')  is  determinable  throQ|^oiit 
its  length.  The  tail  ia  mnch  injured,  bat  lies,  as  in  all  the  other 
examples,  spread  oat,  the  two  lobes  being  stronf^y  defined. 

We  have  now  only  a  few  condading  words  to  say  aa  to  the  place 
this  corioos  fish  shonld  occupy  in  the  dassificatiMi.  We  know  of 
no  family  with  which  it  can  bo  associated,  though  it  undoubtedly  is 
closely  sllied  to  the  Pycnodonts ;  and  of  the^e  perhaps  it  approaches 
most  closely  to  Q-yrodug  and  Miorodon :  but  while  in  Dorypierui  the 
head-bones  are  smooth,  they  are  in  most  of  the  Pycnodonts  granu- 
lated or  otherwise  ornamented ;  and  our  fish  likewise  differs  from 
them  in  the  absence  of  the  osual  body-scales. 

The  large  and  apward-shuttxng  mouth,  too,  is  not  found  in  the 
Pycnodonts ;  and  the  apparent  absence  of  the  strong  characteristic 
teeth  of  that  group  is  noteworthy.  Had  such  teeth  existed  in  the 
fish  under  discnssion,  some  traoe  of  them  would  assuredly  have  been 
observed,  since  we  have  seen  that  the  jaws  are  pretty  wdl  preserved 
in  two  or  three  of  our  specimens.  It  is  probable  therefore  that  the 
dental  organs  were  small  and  inconspicuous,  if  they  existed  at  all.  The 
enormous  development  of  the  dorsal  fin  and  the  forward  position  of 
the  ventrak  are  significant  facts.  The  latter  is  particularly  worthy 
of  notice,  especially  when  we  consider  that  we  have  in  this  pakeosoic 
species  the  earliest  thoracic  fish  known  in  the  geological  senes.  And 
farther  Sir  Philip  Egerton  states,  in  a  letter  with  which  he  has  lately 
favoured  ns,  that  he  *'  is  not  cognizant  of  any  fish  in  strata  dder 
than  the  chalk  having  the  fins  thoracic  or  jugular.'*  On  the  whole,  then, 
we  confess  ourselves  at  a  loss  to  determine  where  to  locate  Daryptems 
in  the  system.  Is  it  not  the  representative  of  a  distinct  family 
having  a  certain  relationship  to  the  Pycnodonts?  This  we  must 
leave  for  the  determination  of  those  more  conversant  with  ichthydogy 
than  we  ourselves  are. 

EXPLANATION  OP  PLATES. 

The  following  letters  apply  to  all  the  figures  o£  SbrypteruB  HojfmannL 

a,  dorssl  fin ;  a\  Daxrow  posterior  Dfolonsatioii  of  ditto ;  af\  anterior  pro- 
lonsation,  or  fin.fiJcra  of  ditto;  6,  anal  fin ;  b\  posterior,  narrow  prolon^idon 
ot  ditto;  c,  pectoral  fins;  r',  brachial  rajs;  a,  Tentral  fins;  s,  rhombiform 
scales  of  tail ;  /,  fin-fulcra  of  ditto ;  ^,  lateral  plates  or  vertebral  spines ;  g\  bi- 
furcation of  the  inner  extremity  of  ditto ;  A,  losenge-shaped  plates,  or  area8,--the 
vertebral  centres ;  h',  ridge  in  the  centre  of  ditto ;  t,  rods,  or  supplementary  ver- 
tebral spines,  in  connexion  with  the  lateral  plates ;  /,  sigmoidal  ridg^ ;  j\  sig- 
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moidal  plates ;/^  ridge  or  mueuB-tube  in  the  centre  of  ditto;  4;,  hour-ffUas- 
shaped  plates  or  fin-supporta;  I,  large  ditto  at  the  base  of  the  dorsal  and  anal 
fins ;  m,  ventral  or  thoraoio  plates ;  n,  compound  oolumne  in  connexion  with 
ditto;  Of  great  abdominal  rods;  p,  mandibles;  q,  pnemaxilla;  q',  maxilla; 
r,  clavicle;  «,  operculum;  t,  prsopereolum ;  Uy  orbit;  v,  fragments  of  dark 
granular  matter,  apparently  darmal. 

Platb  XLn. 
^g.  1.  General  view  of  the  restored  ikeleton  of  Lorypterus  Hoffinanni, 
Fig.  2.  Much  enlarged  yiew  of  three  of  the  transTcrse  rods  and  plates. 
Fig.  3.  Much  enlarged  view  of  two  of  the  plates  and  rods  on  the  shoulder. 
Fig.  4.  Portion  of  two  rays  of  Uie  dorsal  fin,  showing  the  joints.  i 

Plate  XLTTI. 
Fig.  1.  Specimen  of  Dorypterua  Hoffmanni^  exhibiting  the  head,  Tentral  plates, 

and  Tentral  fin  in  good  order. 
Fig.  2.  Another  specimen,  e&ibitiog  the  tail,  pectoral  fins,  base  of  dorsal  fin,  gill- 

ooTers,  ventral  plates,  the  skin,  and  the  various  plates  and  rods. 
Fig.  3.  Specimen  of  Borypterm  Hojfmannit  exhibiting  the  dorsal  fin,  pectoral 

fins,  and  lateral  plates  with  the  loseoge*shaped  areas  and  ndges  or 

mucus-tubes. 
Fig.  4.  Specimen  of  Dorypterus  Hoffmanni^  exhibiting  the  dermal  plates  with 

the  lozenge-nhaped  areas  and  ridges  or  mucus-tubes,  particularly  the 

plates  on  the  shoulder  with  the  upper  line  of  ridges  or  mucus-tuMs. 


6.  On  the  Glacial  Pheztomena  of  Wbstebit  Lancassiice  and  Che- 
shire. By  C.  E.  De  Bance,  Esq.,  F.G.S.,  of  the  Geolog^ical  Survey 
of  England  and  Walw*. 

Ths  first  notioe  of  any  importance  of  the  drifts  of  Western  Lan- 
cashire was  made  in  1832,  by  Sir  Boderick  Morchison,  who  de- 
scribed the  occurrence  of  sands  and  gravels  with  marine  shells  in 
the  neighbourhood  of  Preston  f. 

In  1837,  the  Bev.  W.  Tbomber  described  the  sands  and  gravels 
of  Blackpool  as  containing  more  than  20  species  of  marine  shells  :t* 
These  sands  have  since  proved  to  be  of  the  same  age  as  those  of 
Preston,  and  to  belong  to  the  middle  drift. 

In  1841,  Mr.  Binney  published  his  classification  of  the  drifts 
around  Manchester,  which  he  divided  as  follows : — 

BscsNT a.  Valley-gravels  and  Biyer-terraces. 

r  h.  Forest  Sand,  of  Eersal  Moor,  &o. 
Drift  •<  e.  Till,  or  Boulder-clay. 

id.  Sand,  generally  local. 

This  order  he  adopts  in  his  "Notes  on  the  Lancashire  and 
Cheshire  drifts"  §,  read  in  1842;  and  he  adapts  the  same  classifica- 
tion, to  a  certain  extent,  to  the  cliff  section  at  Blackpool  in  his 
"  Notes  on  the  Drift  Deposits  near  Blackpool"!!,  read  in  1862. 

*  Communicated  with  the  permission  of  the  Director-General, 
t  Report  of  the  Brit  Assoc.  1832. 
{  History  of  Blackpool. 

{Trans.  Man.  Lit  k  FhiL  Soo.  toL  yii.  (new  series),  p.  204. 
Ibii,  vol.  X.  p.  123. 
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In  1846,  Prof.  K  Forbes  published  the  names  of  certain  shells  he 
had  found  in  the  Lancashire  drift,  amongst  others  a  DentaUum  from 
Pkeston*. 

In  1862,  Mr.  HuIIt  described  the  nMolts  of  the  map]nng  of  600 
square  miles  of  drift  aronnd  Manchester,  which  neoeasitated  a  modi- 
fication of  Mr.  Binney's  classification,  a  Bonlder-day  resting  on  the 
Qpper  sand  and  graTd,  and  the  lower  sand  and  graTel  being  often 
absent 

SacBUT TmllcT-gnvds  and  RiTor-temoeiw 


r  rpper  Till,  or  BiHilder-elay. 


Danrr    4  Middle  Sknd  and  OnveL 

I  Lower  Till,  or  Boulder-daj. 

Fosx  or  THB  Gbouvd  nr  Wbstebk  Lahgashibb  Avn  CmBHiBE. 

Undulating  plains  (of  Tiiasac  and  Upper  Carboniferous  n>ck8), 
more  €fp  less  corered  with  glacial  drift,  occupy  the  country  between 
liTerpool  and  Chorley,  westward  of  which  a  low  plain  covered  with 
peat-moss  borders  the  sea-coast 

Between  Chorley  and  Lancaster  the  rock  sur&ce  is  extremely  low, 
often,  indeed,  beneath  the  sea-level ;  but  beds  of  glacial  drift,  often 
150  feet  in  thickness,  are  piled  up  on  it,  forming  a  slightly  inclined 
plane,  dipping  from  the  Pendle  range  towards  the  sea,  where  it 
forms  a  line  of  cliffs  near  Blackpool  from  40  to  80  feet  in  height. 
This  drift  plain  has  been  cut  through,  to  a  greater  or  less  exteut,  by 
various  brooks,  streams,  and  rivers.  Few,  however,  have  reached 
the  rock  rarfaoe  beneath,  the  RibUe  and  its  tributary  the  Darwen 
being  almost  the  only  exceptions. 

The  third  area  into  which  Western  Lancashire  and  Cheshire  may 
be  divided  consists  of  three  extremely  low  tracts,  in  which  not  only 
the  rock  surface,  as  in  the  Preston  district,  lies  below  high-water 
mark,  but  in  which  the  glacial  drifts  themselves  have  been  denuded 
away,  so  that  the  sea  has  to  be  kept  out  by  sea-walls  and  banks, 
and  is  daily  making  encroachments.  They  are  all  areas  of  former 
obstructed,  and  present  artificial  drainage,  and  are  deeply  covered 
with  peat-moss,  which  reaches  in  one  instance  a  thickness  of  %  feet. 
The  first  district  is  the  low  country  between  Lancaster  and  Fleet- 
wood, lying  on  both  sides  of  the  river  Wyre  ;  the  second  8tretch€^s 
from  the  river  Alt,  north  of  Liverpool,  to  the  river  Douglas,  north 
of  Southport;  and  the  third  lies  between  the  rivers  Bee  and 
Mersey,  in  that  part  of  Cheshire  known  as  the  peninsula  of  WirraL 
It  is  traversed  by  a  small  stream,  called  the  Birket,  falling  into 
Wallasey  Pool^,  a  tributary  of  the  Mersey,  and  bounded  to  the  south 
by  an  escarpment  hereafter  to  be  described. 

*  Mem.  €kol.  Surrey,  toI.  i. 

t  Tmna.  Man.  Lit  k  Phil.  Soc.  toL  ii.  (Srd  aeries),  p.  461.  Mem.  Geol.  Sur.. 
Countrr  around  Oldliam.  18H4. 

X  Pool,  in  thift  district,  is  synonymous  with  **  brook ;"  tbua  Bromborough 
Pocly  lArerpooiy  Blackpool. 
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Glacial  Deposits  of  Westebn  Cheshire  akd  Lancashire. 
Lower  Boulder-clay, — This  bed,  in  North  Cheshire,  between  liver- 
pool  and  Southport,  and  between  that  town  and  Preston,  is  a  soft 
rather  loose  clay,  of  a  reddish-brown  colour,  containing  many  erratic 
boulders  and  pebbles,  nearly  all  of  which  are  ice-scratched,  but 
rounded  by  marine  action.  It  occasionally  contains  seams  of  sand 
and  beds  of  marl,  the  latter  being  much  used  for  marling  the  moss 
lands  near  Halsall,  Crosby,  Eormby,  and  Southport. 

When  the  Lower  and  Upper  Boulder-clays  are  seen  in  the  same 
section  in  the  districts  mentioned  above,  as  at  Egremont,  in  Wirral,  . 
and  near  Preston,  the  two  clays  are  found  to  be  apparently  identical, 
both  as  regards  physical  aspect  and  the  character  of  the  included  frag- 
ments. But  in  the  Lower  Boulder-clay  of  Blackpool,  and  to  a  greater 
extent  in  that  of  the  Fumess  district,  known  as  '<  pinel,"  a  slight 
change  of  character  takes  place :  the  stones  are  more  closely  packed, 
each  individual  stone  is  scratched  in  every  possible  direction,  and  the 
percentage  of  granites  and  Lake-district  Silurian  erratics  increases. 
These  clays  lie  in  boss-shaped  masses  beneath  the  Middle-drift  sand 
and  gravel,  as  if  shot  down  in  the  water  by  a  moving  body  from 
above ;  the  pebbles  in  the  clay,  though  so  intensely  scratched,  are 
nearly  all  waterwom ;  and  fragments  of  the  rocks  beneath  the  drift 
at  Blackpool  are  absolutely  never  found.  It  therefore  appears  pro- 
bable that  a  fringe  of  coast-ice  skirted  the  foot  of  the  LaJte  moun- 
tains, which,  lifted  daily  by  the  tides  of  the  glacial  sea,  scratched  the 
pebbles  of  the  beach  (formed  by  the  sea  before  the  coast-ice  came 
into  existence),  in  every  posnible  direction,  and  that  these,  when  the 
ice  was  carried  out  into  the  more  open  sea  by  tidal  currents,  were 
deposited  in  the  tumultuous  heaps  of  packed  silt  which  we  observe  in 
various  parts  of  the  Lancashire  lowlands.  I  may  here  mention  that 
I  foiind  shells  of  the  species  of  Tellina  haWiim  and  Tarriteila  com- 
munis in  tolerably  good  condition  in  the  Lower  Boulder-clay  of  the 
Blackpool  section. 

In  a  railway-cutting  made  last  year  between  Chorley  and  Black- 
bum,  the  Upper  Boulder-clay  and  Middle  Drift  were  seen  resting  on 
a  stiff  clay  of  a  bluish -black  colour,  containing  rather  angular  blocks 
of  comparatively  local  origin,  the  clay  being  of  such  extreme  hard- 
ness as  to  seriously  affect  the  cost  of  the  work,  damaging  the 
tools  of  the  men,  and  withstanding  the  action  of  blasting.  Since 
examining  this  section,  to  which  I  have  had  the  pleasure  of  directing 
the  attention  of  Mr.  Eccles,  F.G.S.,  and  my  colleague  Mr.  Tiddeman, 
F.G.S.,  I  have  found  other  examples  of  this  peculiar  type  of  Lower 
Boulder-clay ;  and  in  some  cases  the  ordinary  marine  Lower  Boidder- 
clay  is  seen  resting  on  an  eroded  surface  of  the  stiff  blue  clay  beneath, 
which  I  believe  to  have  been  formed  by  land-ice,  probably  in  the 
form  of  an  ice-sheet.  I  have  never  yet  found  in  it  either  Lake-dis- 
trict erratics,  granite  bouldei-s,  or  marine  shells ;  and  from  a  careful 
examination  of  the  drift-deposits  of  the  Lake-district,  I  believe  this 
*'  terrestrial  Lower  Boulder-clay  *'  to  have  beeu  formed  contempora- 
neously with  the  Lower  Moraine  Drift  of  that  area,  and  that  both  are 
in  great  measure  older  deposits  than  the  marine  Lower  Boulder-clay. 
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Lower  Bonlder-day  haa  been  described  by  two  observers  as  re- 
sembling the  Upper  Till  at  great  elevations  on  the  Penine  Chain ; 
bat  on  farther  examination,  it  may  possibly  be  found  that  the  day 
in  these  instanoes  belongs  to  the  upper  division.  I  myself  have 
never  found  any  marine  Lower  Boulder-day  above  an  devation  of 
one  hundred  and  fifty  feet ;  and  I  believe  that  the  gladal  sea,  in  the 
Lancashire  lowlands,  had  only  a  deptii  of  about  twenty*-five  fiithoras 
at  thej^lose  of  the  period  of  its  deposition. 

Fine  sections  of  this  Boulder-day  are  exhibited  in  the  difbof  the 
Kibble,  above  Preston,  espedally  at  Bed  Scar  and  Balderstone,  at 
which  latter  place  the  section  was  first  described*  by  Prof.  E.  Hull 
in  1867 ;  aCnd  I  had  the  pleasure  of  showing  it  to  Mr.  Madrintosh 
in  the  spring  of  last  year. 

MiMe  I>rift.~The  sand  and  gravd  of  the  Middle  Drift  rests 
upon  a  slightly  undulating  inclined  plane  of  Lower  Boulder-day, 
dipping  from  the  hills  of  tfie  Penine  Chain  towards  the  valley  of  the 
Mersey  at  Manchester,  and  towards  the  sea  in  the  country  to  the 
west — ^no  doubt  owing  to  its  being  a  plane  of  deposition  on  a 
sloping  sea-bottom,  as  suggested  by  Prof.  Bamsay  to  Mr.  B!ull,  to 
account  for  a  similar  phenomenon  in  the  Manchester  district  t — ^these 
hills,  like  the  mountains  of  the  Lake-district,  forming  islands  in  the 
Lower  Boulder-clay  sea. 

The  Middle-drift  sand  is  well  seen  in  the  diff  at  Codling  Gap, 
near  Egremont,  in  Wirral,  where  about  70  feet  of  Lower  Boulder- 
day  occurs  between  it  and  the  underlying  pebble-beds  of  the  Bunter 
Sandstone,  with  about  the  same  thickness  of  Upper  Till  above  ;  and 
at  the  side  of  it  the  sand  is  much  current-bedded  and  is  extremdy 
fine-grained,  has  almost  to  resemble  the  Eox-mould  of  the  south-west 
of  England ;  it  contains  a  fair  number  of  pebbles,  all  of  which  are 
rounded,  but  none  scratched.  These  generally  lie  in  the  lines  of 
current-bedding,  as  is  the  case  with  the  pebbles  in  the  Triassic 
Pebble-beds  of  tiie  district.  The  sand  in  this  section  is  only  about 
20  feet  in  thickness,  and  may  almost  be  said  to  be  intercalated  in 
the  Boalder-day.  The  rock  surface  here  is  a  littie  bdow  high- 
water  mark,  extending  under  the  drift  to  an  early,  or  pregladal  cliff, 
probably  about  600  yards  inland  at  Egremont.  This  approaches  the 
river  and  the  sea  at  New  Brighton,  and  forms  the  existing  line  of  sea- 
cliff  there,  culminating  in  the  well  known  picturesque  cliff  called  the 
"  Bed  Noses,"  soon  after  which  the  rock  is  lost  sight  of  under  a  range 
of  sand  dunes. 

In  the  Lower  Boulder-day  of  Codling  Qap  I  found  a  shell  of 
TurriteHa  communis ;  and  Mr.  Morton  records  the  occurrence  of  that 
shell  and  Mya  truncoUa  in  the  Lower  Boulder-day  of  Liverpool:^. 

On  crossing  the  river  Mersey  from  Liverpool  to  Seacombe,  and 
ascending  the  hill  upon  which  the  village  of  liscard  is  built,  the 
peninsula  of  Wirral  is  seen  to  be  divided  in  two  by  a  deep  narrow 
gorge,  at  the  1x)ttom  of  which  flows  Wallasey  PooL    This  river,  now 

*  Trans.  Man.  Lit.  &  Phil.  Soc.  toI.  vi.  3rd  series. 

t  Ibid.  Tol.  ii,  3rd  series. 

t  Geologj  of  liverpool,  p.  1.5. 
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a  tributary  of  the  Mersey,  can  be  proved  hlBtorically  to  have  been 
once  the  chief  estoary  of  that  river.  The  southern  bank  of  this 
gorge  extends  westwsurd  to  the  river  Dee,  forming  an  abrupt  termi- 
nation to  the  various  ranges  of  hilt  and  valley,  which,  coihcii&ng  with 
the  strike  of  the  component  Triassic  rocks,  run  in  a  series  of  north 
and  south  parallels.  Most  of  these  valleys  are  traversed  by  £ftults, 
also  running  in  a  northerly  direction,  which,  generally  throwing  hard 
rocks  against  soft,  have  caused  the  initiation  of  the  lines  of  denu- 
dation of  the  latter,  the  soft  Keuper  marls  and  upper  mottled 
sandstones  being  denuded  away,  while  the  hard  beds  of  the  Keuper 
sandstone  and  Bunter  pebble-beds  form  long  lines  of  escarpment, 
whose  steepest  sides  face  the  western  gales.  This,  however,  as 
has  been  pointed  out  by  Mr.  Hull,  is  the  characteristic  feature  of 
the  Triassic  scenery  of  this  part  of  £ngland. 

With  the  exception  of  the  crests  of  a  few  of  the  highest  hills,  the 
whole  district  is  covered  with  glacial  deposits — the  slopes  of  the 
hills,  equally  with  the  bottoms  of  the  valleys  and  plains,  and  even 
the  bed  of  tiiie  Mersey  itself. 

The  low  cliffs  of  Triassic  pebble-beds  between  Eastham  and  the 
mouth  of  Bromborough  Pool  are  capped  with  a  thin  coating  of 
glacial  deposits;  at  one  point  the  Upper  Boulder-clay  is  seen 
resting  on  some  sand,  which  appears  to  represent  the  middle  drift, 
about  three  feet  in  thickness,  resting  directly  upon  the  rock,  the 
Lower  Boulder-clay  being  absent.  On  the  Lancashire  side  of  the 
river,  opposite  Eastham,  the  glacial  deposits  come  down  to  the  level 
of  the  beach ;  it  will  therefore  be  seen  that  the  cliff  on  the  south  (or 
Cheshire)  side  of  the  river,  capped  with  drift,  must  have  been  formed 
since  the  glacial  epoch,  the  river  now  flowing  through  an  old  pre- 
glacial  valley  since  filled  up  with  glacial  debris  and  reexcavated  by 
tiie  present  river  Mersey. 

The  Middle-drift  sand  at  Egremont  thins  out  in  the  direction  of 
liscard,  probably  terminating  against  the  concealed  cliff,  or,  to  speak 
more  correctly,  the  slope  of  the  old  valley.  No  Boulder-drift  appears 
to  be  found  in  the  bed  of  the  Mersey  between  Egremont  and  liver- 
pool  ;  and  the  rocks  form  a  low  terrace  in  the  lower  part  of  the  town ; 
indeed  a  portion  of  it  is  reclaimed  from  the  river  itself.  In  this  low 
district,  however,  certain  postglacial  deposits  occur,  hereafter  to  be 
described.  These  are  about  20  feet  thick,  and  rest  directiy  upon  the 
rock. 

I  have  described  the  marine  Lower  Boulder-clay  as  probably 
formed  in  water  of  a  maximum  depth  of  about  twenly-five  fathoms, 
in  unequal  heaps  of  deposition,  upon  a  sloping  sea-bottom — ^it« 
surface,  below  the  base  of  the  Middle  Drift,  rising  from  5  to  15  feet 
per  mile  from  the  sea  towards  the  watershed.  On  its  surface  the 
Middle  Drift  is  piled  up  to  a  thickness  often  of  60  and  even  70  feet ; 
but  at  elevations  of  about  300  feet  above  the  sea  it  generally  rests 
upon  rock,  above  that  occasionally  on  the  stiff  blue-coloured  Lower 
Boulder-clay.  It  is  chiefly  composed  of  sand,  with  beds  of  gravel 
dbvetailed,  so  to  speak,  into  the  mass.  The  gravels  are  much  cnrrent- 
bedded,  apparently  by  a  current  moving  from  the  north-west  to  the 
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south-east.  These  gravels  are  well  seen  in  the  Blackpool  sectioB, 
in  the  Ribble  ClifJB  at  Bed  Scar  and  Baldentone,  and  in  pits  near 
I^eyland  and  Chorley.  Shells  more  or  less  perfect  are  invariably 
found  assodiated  with  these  gravels;  and  in  those  of  Leyland  I 
obtained  some  bones  of  an  herbivorous  mammal,  which,  however, 
were  too  fragmentary  for  Mr.  Boyd  Dawkins,  E.K.S.,  who  kindly 
examined  them,  to  identify  the  species. 

The  pebbles  in  those  gravels  are  all  rounded,  and  are  chiefly  from 
the  Lake-district ;  at  Leyland  and  Chorley,  carboniferous  rocks  and 
blocks  of  coal  form  about  12  per  cent,  of  the  lai^r  blocks.  With 
few  exceptions,  these  pebbles  are  never  scratched;  and  both  the 
character  of  the  beds,  and  the  species  of  Mollusca  found  in  them, 
testify  to  the  great  amelioration  of  the  climate  which  ensued  daring 
the  Middle-drift  period;  this,  however,  from  Mr.  Croll's  calcula- 
tions, is  only  what  might  be  expected. 

In  the  instances  where  scratched  pebbles  occur,  especially  at 
Samelsbury,  the  sand  is  not  the  dean  fine  sand  asualfy  found  in  the 
Middle  Drift,  but  has  a  loamy,  or  even  clayey,  character.  This 
seems  to  point  to  special  physical  conditions ;  and  it  appears  not  im- 
probable that  during  this  warm  episode  in  the  Glacial  epoch  stray 
icebergs  from  regions  still  further  north,  or  from  hills  cold  from  their 
elevation,  floated  occasionally  from  the  north-west  to  the  sontb-east 
in  the  Middle-drift  sea. 

Beds  of  loam  varying  in  thickness  from  1  inch  to  3  feet  occur 
in  the  Middle  Drift ;  and  some  of  them  are  much  used  as  sand  for 
brass-casting.  They  generally  have  a  slight  dip  to  the  £.S.£. 
These,  from  having  a  certain  amount  of  clay  in  their  composition, 
support  small  sheets  of  water,  which,  becoming  charged  with  car- 
bonate of  lime,  often  consolidate  the  soiface  of  the  loams  into  a 
substance  as  hard  as  rock.  This  also  takes  place  under  exceptional 
circumstances  in  the  gravel-beds,  producing  masses  of  conglomerate 
resembling  that  portion  of  the  Millstone  Grit  known  as  the  Kinder- 
scont  Grit.  These  arc  seen  in  various  places  in  the  banks  of  the 
Ribble  and  in  the  Blackpool  cliffs,  where  they  are  used  to  form 
rockwork,  which  has  already  been  described  by  Mr.  Mackintosh  in 
his  paper  before  referred  to.  In  many  of  the  deep-brook  valleys  in 
the  Preston  district  the  Middle  Drift  occupies  ^e  sides,  and  the 
Upper  Boulder-day  the  top,  being  separated  from  one  another  by  a 
seam  of  this  consolidated  loam.  These  seams  often  run  for  milea 
without  a  break,  though  not  more  than  three  inches  in  thick- 
ness. 

The  level  of  the  top  of  the  Middle  Drift  is  an  exceedingly  variable 
quantity,  varying  60  and  70  feet  in  half  a  mile,  but  it  invariably  dips 
from  the  hills  of  the  Penine  Chain  towards  the  sea  and  the  low 
country.  At  Blackpool  it  is  80  feet  above  the  level  of  the  sea,  at 
Chorley  275,  at  Leyland  150  ;  and  Mr.  Hull  gives  the  devation  of 
the  base  of  the  Upper  Boulder-clay  in  "  the  valley  which  runs  up 
from  Manchester  by  Bolton  to  beyond  Sharpies,"  as  275  feet  above 
the  sea  at  Pendlebury,  at  Qifton  285,  at  Kearsley  300,  at  Hat- 
shaw  Moor  285,  opposite  Burden  Bridge  300,  at  Bolton  300,  and 
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BO  on,  rifling  to  an  elevation  of  500  feet  at  Diinsear  Bridge,  being 
225  feet  in  about  nine  miles,  or  at  the  rate  of  25  feet  per  mile  *. 

It  has  already  been  remarked  that  in  the  Preston  district  the 
Middle  Drift  is  generally  found  outcropping  along  the  sides  of  the 
deep-brook  valleys,  and  capped  by  Upper  Boulder-clay ;  in  addition 
to  this  it  is  occasionally  found  capping  the  tops  of  hills  of  various 
elevations,  generally  at  far  higher  levels  than  in  the  banks  of  the 
adjoining  brooks.  When  these  patches  of  sand  are  examined,  they 
are  found  not  to  be,  as  might  be  supposed,  outliers  of  a  sheet  of 
Middle  Drift  once  overspreading  the  oountr}'  and  resting  upon  the 
Upper  Boulder-day,  but,  on  the  contrary,  they  are  "inliers"  coming 
up  through  the  Upper  Till,  forming  knoUs  often  of  considerable 
elevation.  But  in  addition  to  this  the  sand  and  gravel  are  found  to 
form  knolls,  so  to  speak,  under  the  surface  of  the  Upper  Boulder- 
day  ;  or,  in  other  words,  the  surface  of  the  Middle  Drift  is  a  series 
of  rolls  and  hollows  filled  in  and  covered  up  with  Upper  Boulder- 
day,  since  denuded  into  other  hills  and  valleys,  which  occasionally 
follow  the  old  lines  of  hollows  of  the  Middle  Drift,  in  which  case  we 
have  the  latter  at  the  top  of  the  plain  and  the  Upper  Boulder-day  ex- 
tending right  down  to  the  bottom  of  the  valley,  50  or  60  feet  beneath 
it.  The  level  of  the  top  of  each  knoll  of  Middle  Drift,  whether  at  the 
surface  or  found  in  pits  or  borings  beneath  the  Boulder-day,  is  found 
to  dip  steadily  towards  the  west  and  south-west ;  and  the  top  of  each 
is  flattened,  resembling  in  form  a  truncated  dome. 

When  examining  the  very  large  sandbanks  in  the  estuary  of  the 
Bibble,  which  are  forming  at  the  present  time,  I  was  much  struck 
with  the  general  resemblance  to  the  knolls  of  the  Middle  Drift.  The 
tmitace  of  these  banks  is  a  slightly  undulating  flat,  rather  hollowed  in 
the  centre,  the  level  of  the  surface  of  each  being  a  little  below  ordi- 
nary high-water  mark,  the  action  of  the  waves  playing  at  the  surface 
of  the  water  preventing  the  deposition  of  the  sand  brought  down  by 
the  Bibble  and  other  rivers  at  the  top  of  the  banks,  sweeping  it  into 
the  narrow  channels  between  the  sandbanks,  from  which  it  is  carried 
by  tidal  currents  far  out  into  the  open  sea,  or  cast  up  on  the  seacoast, 
and  blown  by  the  winds  into  ranges  of  sand  dunes. 

If  we  assume  the  sand-knolls  of  the  Middle  Drift  to  have  been  old 
sandbanks  whose  crowns  were  flattened  by  the  sea,  which  appears 
only  to  take  place  a  little  below  high-water  mark,  then  as  the  level 
of  the  tops  of  these  knolls  rises  inland  or  sinks  towards  the  sea,  it 
would  appear  that  those  occupying  the  lowest  ground  were  formed 
first,  and  that  as  the  land  sank  another  series  of  banks  were 
deposited,  whose  crowns  were  denuded  by  the  waves ;  these,  again 
sinking  below  the  action  of  the  breakers,  were  succeeded  by 
another  and  another  series  of  banks,  until  the  maximum  elevation, 
in  the  neighbourhood  of  Macclesfield  was  reached.  If  these  de- 
posits were  formed  in  this  way  on  a  gradually  subsiding  surface, 
the  water  would  be  of  nearly  the  same  depth  at  all  the  points  of 
deposition  during  the  whole   time ;    and    thus,  though  Blackpool 

•  "Drift  Deposits  near  Manchester/'  Trans.  Man.  Lit.  Phil  Soc.  vol.  ii.  (3rd 
series),  p.  457. 
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and  Macclesfield  have  a  difierence  of  elevation  of  more  than 
1000  feet,  or  nearly  200  fathoms,  we.  find  the  same  assemblage 
of  shells  of  Hollnsca. 

On  the  slopes  of  the  knolls,  and  in  the  hollows  between  them, 
the  surface  of  the  Middle>drift  sand  is  found  to  have  been  exten- 
sively denuded,  or  eroded :  whether  this  was  caused  by  the  action 
of  currents  between  the  banks,  or  whether,  between  the  Middle- 
drift  and  Upper  Boulder-day  periods  the  surface  of  the  former 
was  heaved  up  into  land  and  subjected  to  subaerial  disintegration 
followed  by  subsequent  subsidence  and  the  deposition  of  the  latter, 
is  at  present  doubtfdl ;  but  the  phenomena  of  erosion  are  observable 
over  a  very  large  area,  including  the  Manchester  district  described 
by  Mr.  HulL 

Upptr  Boulder^day, — ^This  deposit  covers  tiie  whole  country  be- 
tween Ormskirk  and  Wigan,  Wigan  and  Preston,  Preston  and 
Lancaster,  as  well  as  the  districts  of  Ulverstone  and  Blackpool, 
with  a  vast  sheet  of  day,  in  some  instances  reaching  a  thick- 
ness of  more  than  100  feet.  In  the  Preston  district,  as  described 
above,  the  various  brooks  have  often  cut  through  this  deposit  to  a 
groat  depth,  exposing  the  sands  and  gravels  of  the  Middle  Drift 
beneath.  The  hollows  in  the  Middle  Drift  are  always  filled  up  with 
Upper  Boulder -clay,  but  have  been  occasionally  reexcavated  by 
brooks  acting  along  the  lines  of  the  old  hollows,  produdng  ''  drift- 
valleys"  within  drift- valleys,  double  valleys  formed  entirely  in 
Glacial  and  Postglacial  times.  Thus  we  often  find  the  base  of  the 
upper  drift,  in  the  brook-difT,  50  or  60  feet  below  its  base  in  the 
adjoining  upland  plain,  less  perhaps  than  500  yards  distant.  At 
Leyland,  the  top  of  the  Middle  Drift  descends  more  than  70  feet  in 
less  than  half  a  mile. 

The  Upper  Boulder-day  resembles,  in  the  whole  of  Lancashire, 
from  Ulverstone  to  Manchester,  the  Lower  Boulder-clay  of  the 
southern  part  of  the  low  country  in  its  physical  character,  chemical 
composition,  included  erratic  fragments,  and  the  species  of  shells  of 
mollusca  found  with  it  Both  days  (see  Appendix)  contain  more 
Silurian  erratics  in  the  N.W.,  and  more  Carboniferous  erratics  in 
the  S.£.  of  Lancashire ;  both  are  of  a  dull  Indian-red-coloured  tint, 
caused  by  the  presence  of  iron  derived  partly  from  the  Triassio 
rooks  and  partly  from  the  Haematitic  deposits  of  Fumess ;  in  which 
district  the  Upper  Boulder-day  has  a  deep,  almost  lurid,  colour. 
The  colour  of  ^e  Boulder-day,  as  has  been  observed  by  Mr.  Hull*, 
is  perfectly  irrespective  of  the  rocks  upon  which  it  may  Ue,  being 
nearly  the  same  when  it  occurs  on  the  Silurian,  Carboniferous, 
Permian,  or  Trias. 

Here  and  there,  in  both  the  Boulder-days,  £unt  indications  of  stra-. 
tifieation  maybe  occasionally  observed;  but  the  pebbles  and  boulders 
are  imbedded  pell-mell  and  at  all  angles  in  the  mass.  Large  boulders 
are  comparativdy  rare  in  both  clays,  and  are  generally  composed  of 
granite  or  porphyry,  and,  more  rarely,  of  lake-district  Silurian-grits. 
Shap-granite  pebbles  occur  in  both  clays,  as  far  south  as  liveipool ; 
*  Geology  of  the  country  around  Oldham  (Mem.  Geol.  Survey),  p.  48. 
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bat  the  commonest  granite  in  the  day  is  of  a  greyiah  coIouTy  and 
does  not  perhaps  come  from  the  Lake-district.  In  the  Upper  Boul- 
der-clay of  Blackpool,  Messrs.  Binney  and  Darbishire  and  myself 
have  found  liassic  fossils  (one  of  which  Mr.  Baxbishire,  F.G.S., 
informed  me  he  had  also  found  in  the  so-caUed  '* Bridlington  Crag"). 
Chalk-flints  and  Permian  breccia  also  occur  in  the  Middle  Drift  of 
£ed  Seal'.  The  base  of  the  '<  Upper  Boulder-day  "  is  generally  a 
bed  of  "  marl,"  of  tolerably  hard  consistence  ;  stones  are  not  com- 
mon in  it,  but  all  are  much  glaciated,  being  highly  polished  and  in- 
tensely scratched ;  minute  fragments  of  shell  are  common ;  and  the 
clay  has  a  deep  chocolate-colour.  Higher  up  stones  are  commoner, 
less  glaciated,  and  the  clay  of  the  usual  red  colour.  At  the  surface 
it  is  often  yellow,  with  whitish  seams,  extremely  stiff,  and  the  sur- 
face of  the  ground  extremely  wet,  and,  when  not  drained,  covered 
with  rushes.  Much  of  tlus  land  has  never  been  broken  by  the 
plough ;  and  its  extreme  flatness  in  the  district  between  Preston 
and  Lancaster,  has  caused  the  name  of  the  '^  Fylde "  to  be  given 
long  ago  to  this  tract. 

The  character  of  the  Upper  Boulder-clay  in  Cheshire  is  very 
similar  to  that  in  Lancashire.  It  is  of  reddish  colour,  and  con- 
tains Lake-district  and  other  erratics.  South  of  Hoylake,  I  ob- 
served one  chalk -flint,  making,  with  one  I  found  at  Blackpool  and 
another  at  Rufford,  three  for  more  than  300  square  miles,  of  country, 
during  nearly  two  years  spent  continuously  in  the  fleld.  In  the 
grounds  of  Leasowe  Castle  there  are  three  large  boulders,  weighing 
several  tons,  which  have  been  extracted  from  the  Boulder-clay  in 
the  neighbourhood,  which  is  no  doubt  the  upper  day,  as  Mr.  Mor- 
ton, F.G.8.,  in  boring  through  the  clay,  came  to  a  bed  of  quick- 
sand resting  on  a  lower  clay,  which  sand  no  doubt  represents  the 
Middle  Drift.  The  Glacial  deposits  here  are  covered  with  a  series  of 
Postglacial  beds,  hereafter  described,  and  rest  upon  a  rock-surface 
formed  of  Keuper  marls,  which  have,  I  believe,  been  bored  into  to 
a  considerable  depth.  The  surface  of  the  marls  is  much  below  the 
lowest  low-water  mark. 

Esker  Drift. — ^Here  and  there,  on  the  western  dopes  of  the  Lan- 
cashire moorlands,  at  elevations  of  from  200  to  400  feet  above  the 
mean  level  of  the  sea,  are  found  isolated  patches  or  mounds  of  rub- 
bly  gravel,  resembling,  to  some  extent,  artificial  barrows  or  tumuli ; 
one  of  them,  occurring  to  the  east  of  Chorley,  perhaps  from  this 
cause,  is  called  '<  Pickering  Castle."  The  constituent  fragments  are 
far  more  local  than  those  found  in  the  Middle  Drift,  which  to  a 
slight  extent  it  resembles,  and  appear  to  have  been  mainly  derived 
from  the  neighbouring  escarpments.  In  some  of  these  gravels  a 
few  erratic  pebbles,  chiefly  granites,  occur,  which  may  possibly  be 
derived  from  the  denudation  of  the  adjacent  Boulder-beds. 

From  the  isolated  and  detached  way  in  which  these  mounds  of 
gravel  occur,  the  absence  of  scratched  stones,  the  rareness  of  erratic 
blocks,  and  the  fact  that  they  appear  to  lie  upon  the  surfeu^e  of  the 
Upper  Boulder-clay,  it  appears  probable  that  they  are  identical 
wiUi  the  Kamen  of  Scotland,  which  have  been  described  by  Mr.  A. 

3b2 
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Oeikie*  as  more  or  less  BoUtary  mounds  of  stratified  graTel,  ran- 
ning  in  a  ''sinuous  line,  from  a  few  yards  to  several  miles  in  lengdi, 
averaging  perhaps  from  50  to  60  feet  in  height,  and  rising  abruptly 
from  the  ground  into  a  narrow  crest."  8ome  of  the  pebbles  of  l^e 
gravel  of  the  Kames  described  by  Mr.  Geikie  he  found  to  be 
scratched  by  ice.  Possibly  some  of  the  Scotch  Eames  may  be  cf  the 
Middle-drift  age ;  but,  at  the  same  time,  even  if  this  be  the  eaae^ 
there  can  be  no  reason  to  suppose  that  ice,  on  a  limited  scale,  may 
not  have  been  present  during  the  period  of  the  formation  of  the 
Kames,  as  well  as  of  the  Middle-Drift  sand  and  gravel,  especially 
as  there  can  be  little  doubt  that  glaciers  lingered  in  the  deep  val- 
leys of  the  Cumberland  mountains  long  after  the  elevation  that 
lifted  the  Kames  high  above  the  sea. 

Moraines, — ^During  a  few  days*  leave  of  absence,  spent  in  the 
lake-district  of  Westmoreland  and  Cumberland,  I  observed  that  all 
the  great  lakes  I  visited  (Windermere,  Grasmere,  Thirlmere,  UUes- 
water,  BrothersVater,  and  Elterwater)  lay  in  true  "  rock-basins," 
the  rock  bottom  sloping  inwards  in  all  directions,  with  a  gradual 
inclination  at  first,  and  then  a  sudden  deep  plunge  to  the  bottom  of 
the  lake.  The  lakes  ran  in  chains,  like  extended  river-coursea, 
through  deep  gorges  of  rook,  the  sides  of  which  are  scored  with 
glacial  marMngs ;  these  I  observed  near  the  head  of  the  lake  (with 
the  help  of  a  glass)  at  the  bottom  of  Windermere  itself.  Eoehes 
mouUmtUes  are  found  at  the  foot  of  most  of  the  lakes,  notably  at 
Grasmere,  where  the  river  has  cut  for  itself  a  sort  of  groove,  or  slot, 
through  the  rock.  Everywhere  the  rivers  merely  carry  away  the 
surface-  or  overflow- water  of  the  lakes,  the  rock-surface  under  the 
water  being  even  steeper  on  the  outlet  side  than  on  the  inlet, 
partly  perhaps  from  the  deposition  of  alluvium,  bat  mainly,  one 
cannot  help  considering,  by  the  rock  being  worn  into  a  slope  by 
the  gradual  passing  over,  onwards  and  downwards,  of  the  gladers 
which  must  once  have  filled  those  gorges,  while  the  enormous  pres- 
sure from  behind,  tending  to  cause  an  upward  movement,  would 
cause  the  steep  and  cliff -like  declivity  of  the  lower  ends  of  the 
lake-depressions.  At  the  mouths  of  nearly  all  the  lateral  vaUeys 
running  into  the  gorges  patches  of  moraine  matter  occur,  as  well  as 
at  the  entrance  of  the  great  Windermere  gorge  itself,  descending  as 
low  as  to  150  feet  above  the  sea.  In  the  Fumess  district,  imme- 
diately to  the  south,  the  three  drifts  of  Mr.  Hull  occur,  the  Upper 
Boulder-clay  reaching  elevations  of  nearly  300  feet  at  Hawcoat, 
near  Barrow :  and  as  it  occurs  at  elevations  of  far  greater  height  in 
the  country  to  the  south  of  Morecambe  Bay,  it  would  appear  nearly 
certain  that  it,  as  well  as  the  Middle  Drift  and  Lower  Boulder- 
clay,  is  absent  in  the  lake-district,  having  been  scooped  out  by 
the  glaciers  which  occupied  these  vedleys  at  the  close  of  the  Gladal 
epoch.  I  abstain  from  giving  further  details  of  this  district,  partly 
because  I  have  published  some  notes  upon  it  in  the  '  Geological 
Magazine,'  partly  because  Mr.  Hull  has  done  so,  in  a  paper  in  the 

*  "  On  the  Phenomeiub  of  the  Glacial-drift  of  Soothuid,''  Trans.  QeoL  Soc.  of 
Glasfifow.  yol.  i.  part  ii.  1863,  p.  112. 
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'  Edinburgh  Philosophical  Magazine,'  with  which  I  was  unfortu- 
nately unacquainted  when  1  wrote. 

Oenercd  Observations. — ^Two  beds  of  Boulder-day  have  been 
shown  to  occur  over  the  whole  of  Western  Lancashire,  divided  by  a 
stratum  of  sand  and  gravel,  often  60  feet  thick,  but  sometimes  tMn- 
ning  out  so  as  to  cause  the  two  clays  to  coalesce.  The  thinning 
out  appears  to  have  been  caused,  as  pointed  out  by  Mr.  Hull,  by 
the  denudation  of  the  Middle  Drift  before  the  deposition  of  the 
Upper  Boulder-clay,  which  thus  unconformably  overlaps  the  Middle 
and  Lower  Drifts.  This  denudation  appears  to  have  been  partly  ma- 
rine, and  partly  possibly  subaerial.  Mr.  Binney ,  however,  still  appears 
to  consider  the  two  clays  to  be  one  deposit,  with  an  occasionally 
wedge-shaped  mass  of  sand  and  gravel  intercalated  in  its  midst, 
absent  in  places  merely  because  it  was  not  universally  deposited  over 
the  country.  Thus,  in  his  admirable  description  of  the  Blackpool 
difb  of  Glacial  Drift,  he  gives  the  following  classification : — 

ft.       ft. 

1.  Brown  day,  mixed  with  stones 4to    6 

2.  Brownish-coloured  clay,  used  for  '^  Till,"  containing 

much  lime,  often  replaced  by  stratified  beds  of 

sand  and  gravd    80 

3.  Silt,  lightish  brown,  with  a  few  pebbles    2 

4.  Brownish-coloured  Till,  with  stones  to  the  extent  of 

one- third  of  the  mass  exposed     80 

In  the  section  accompanying  this  paper  (from  Bossall  to  Black- 
pool), he  represents  two  masses  of  sand  and  gravd  disconnected 
from  each  other,  the  northern  mass  stopping  abruptly  near  the  top 
of  the  cliff  under  the  Boulder-clay,  and  the  southern  mass  near 
the  ''  Koyal  Edward"  (now  Bailey's  Hotd)  also  stopping  abruptly 
in  the  midst  of  the  Boulder-day  occurring  all  around  it.  I  have 
now,  from  time  to  time,  for  more  than  a  year,  examined  this  sec- 
tion after  heavy  stonns,  and  especially  when  the  embankment  was 
in  great  measure  washed  away  in  the  spring  of  last  year.  I  then 
became  convinced  that  the  thin  bed  of  sand  under  Bailey's  Hotd 
can  be  oontinuoudy  traced  behind  the  embankment  under  the  Im- 
perial Hotd  until  it  connects  itself  with  the  great  mass  of  sand, 
with  occasional  beds  of  gravel,  which,  commencing  at  the  little 
brook  called  the  Gyim,  extends  to  Bispham.  Between  these  two 
points  the  Middle  Drift  is  about  60  feet  thick,  its  base  being,  for  the 
most  part,  but  little  above  the  base  of  the  cliff;  but  here  and  there 
the  Lower  Boulder-clay  rises  in  the  form  of  a  boss  or  dome.  The 
chief  of  these  occurs  near  Bispham,  where  the  clay  is  densely 
packed  with  stones,  nearly  all  of  which  are  scratched.  The  clay 
forms  a  low  arch,  the  crown  of  which  is  about  22  feet  above  the 
base  of  the  diff ;  it  is  separated  from  the  overl3ring  sand  by  a  bed  of 
silt  or  sandy  clay,  which  is  also  arched,  dipping  under  the  beach  at 
either  end,  and  about  14  inches  in  thickness.  It  is  the  third  bed  of 
Mr.  Binney's  Table  and  Sections.  He  has  also  described  an  arch  of 
silt  covering  a  boss  of  Lower  Boulder-clay  under  Baile3r's  Hotel 
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but  all  traces  of  this  have  now  disappeared  through  the  wasting  of 
the  cliff  bj  the  waves,  and  by  the  progress  of  the  embankment, 
undertaken  in  the  hopeless  task  of  stopping  their  devastations. 
Beds  of  sandy  silt  occur  in  various  horizons  in  the  Middle  Drift,  as 
well  as  occasionally  in  the  Upper  Boulder-cLay. 

SUMMABT  USD  GbNRUAL  CoKCLUSIONS. 

Prom  an  examination  of  the  facts  and  inferences  brought  forward 
it  appears  probable : — 1.  that  before  the  Glacial  epoch  the  N.W.  of 
England  was  higher  above  the  sea-level  than  it  is  at  present,  and  that 
the  sea  stood  further  out,  possibly  forming  a  narrow  ohannd  between 
England  and  Irdiaad,  which  were  probably  more  or  less  connected 
from  Miocene  times  down  to  the  period  immediately  preceding  the 
Glacial  epoch.  Before  the  commencement  of  this  epoch  the  land 
commenced  gradually  subsiding,  the  Irish  Channel  was  no  longer 
narrow,  and  the  waves  were  rapidly  denuding  across  the  ends  of  the 
various  longitudinal  hiUs  and  valleys,  wearing  them  back  and  back, 
until  the  plains  of  Wirral  and  Western  Lancashire  came  into  exist- 
ence, part  of  the  great  plain,  extending  from  Liverpool  to  Lancaster, 
being  since  obscured  by  the  deposition  of  Glacial  deposits  200  feet 
thick.  These  longitudinal  valleys,  running  in  the  strike  of  the  Trias- 
sic  strata,[appear  to  have  been  formed  by  the  agency  of  running  water, 
aided  by  atmospheric  causes  ;  and  wherever,  by  natural  sequence  or 
subsequent  faulting,  hard  beds  rest  upon  or  are  thrown  against  soft, 
on  the  eastern  sides  of  these  valleys,  or  on  the  western  sides  of  the 
hills,  there  the  dissolving  power  of  western  storms  of  wind  and  rain 
have  formed  long  lines  of  escarpment,  running  parallel  with  the  strike. 

2.  That  the  Mersey  occupies  at  Liverpool  a  longitudinal  valley, 
or  rather  a  tidal  channel  excavated  at  the  bottom  of  one ;  but  its 
outfall,  in  Preglacial  times,  appears  from  some  reason  to  have  been 
checked*  or  closed,  forcing  it  to  turn  abruptly  westward,  flowing 
over  what  is  now  Wallasey-pool  gorge,  a  transvers  evaHey  termina- 
ting to  the  west  by  escarpments  running  north  and  south  respec- 
tively, which  were  continuous  before  the  river  Mersey  cut  the  trans* 
verse  gorge  in  question.  The  river  must  have  thrown  itself  over  the 
escarpment,  wearing  its  bed  backwards  and  downwards  at  the  same 
time.  This  action  probably  b^an  to  take  place  before  the  sea  had 
removed  the  western  side  of  the  valley  of  which  the  escarpment 
lying  north  of  the  gorge  was  the  eastern  slope. 

3.  That  when  the  Glacial  period  commenced,  the  hilly  country 
became  covered  with  immense  glaciers,  or  possibly  an  ioe-fiheet, 
which,  as  the  cold  increased  and  the  land  sank,  gradually  extended 
over  the  lower  country  and  reached  the  sea,  by  this  time  covering 
the  lowland  plains  above  referred  to,  and  that  the  Lower  Boulder- 
day,  with  angular  local  fragments,  is  due  to  this  land-ice,  and  may 
be  called  terrestrial  Lower  Boulder-clay. 

4-  That  this  portion  of  the  N.W.  of  England  continued  subsiding 
until  the  land  stood  100  feet  lower  than  at  present,  and  that  the 
lowlands  of  Lancashire  and  Cheshire  were  submerged  to  a  depth  of 


Digitized  by 


Google 


1870.]  BE  SANCB — QLACIAX  PHENOICEKA.  653 

rather  less  than  20  fathoms.  The  coast-line,  especially  near  the 
base  of  the  Cumberland  mountains,  appears  to  have  been  surrounded 
by  an  ice-foot,  which  in  winter  not  only  caught  up  the  beach 
formed  in  summer  and  before  its  formation,  scratching  the  pebbles  in 
every  direction  as  the  ice  was  lifted  by  the  tide,  but  received  on  its 
surface  vast  quantities  of  lake-district  pebbles,  and  boulders,  brought 
down  from  the  interior  by  land-ice,  which,  at  the  breaking  up  of  the 
iceefoot,  were  spread  in  confused  heap-like  masses  over  the  Lancashire 
and  Cheshire  lowlands,  forming  the  marine  Lower  Boulder-clay. 

5.  Middle  Drift. — ^That  at  the  dose  of  the  period  of  deposition 
of  the  Lower  Boulder-clay,  the  climate  aioeliorated,  the  subsidence 
of  the  land  still  continuing,  the  influx  of  muddy  sediment  ceasing, 
owing  to  the-  cessation  of  glaciers  grinding  the  rocks  on  the  land, 
and  that  of  sand  commencing,  owing  to  the  pulverizing  of  pebbles 
by  the  action  of  breakers  on  the  coast-lines  of  the  Middle-dnft  sea. 

6.  That  the  sand  and  shingle  of  the  Middle  Drift,  though  f oimd  at 
all  elevations  £rom  40  to  100  feet  between  Blackpool  and  Preston, 
to  1200  feet  on  the  Buxton  Eoad  near  Macclesfield,  was  everywhere 
deposited  in  comparatively  shallow  water  of  the  same  depth,  being 
deposited  round  the  ever-sinking  coast-lines,  on  higher  and  higher 
ground,  in  the  form  of  sand-banks,  whose  crests  mark  the  level  of 
ihe  mean  high  %vater  of  the  immediate  period  of  their  deposition, — 
the  sinking  of  the  land  causing  the  present  elevation  of  these  crests 
to  gradually  rise  from  west  to  east,  or  from  the  sea  to  the  Penine 
chain,  and  everywhere  (in  West  Lancashire)  to  show  a  marked  uni- 
formity of  level  in  a  north  and  south  direction.  In  the  Manchester 
district,  owing  to  the  curving  round  of  the  high  hills  of  the  Penine 
chain,  tiie  Glacial  sea  extended  further  east  than  in  West  Lancashire, 
though  it  does  not  appear  ever  to  have  passed  over  the  ridge -dividing 
it  from  the  Yorkshire  area,  the  eastern  edge  of  which  ridge  is  shown 
in  fig.  1  of  Mr.  S.  V.  Wood's  paper  on  the  **  Boulder-clays  of  York- 
shire," in  the  February  number  of  the  Quarterly  Journal. 

7.  That  if  the  Middle  Drift  was  thrown  down  in  the  form  of 
sand-banks  surrounding  a  gradually  subsiding  coast,  it  follows  that 
though  the  Middle-drift  beds  at  Blackpool,  at  an  elevation  of  80 
feet,  and  the  Middle  Drift  at  Macclesfield  at  1200  feet,  must  have 
been  formed  during  one  set  of  conditions,  and  in  the  same  geologi- 
cal epoch,  yet  a  considerable  period  of  time  must  have  elapsed  be- 
tween the  formation  of  the  two  deposits ;  or,  in  other  words,  the 
Macclesfield  beds  must  be  newer  than  those  of  Blackpool. 

8.  That  the  extreme  lamination  and  current-bedding  in  the  Middle 
Drift  would,  without  the  littoral  character  of  the  shells  found  in  it, 
point  to  shallow- water  conditions ;  but  this  current -bedding  is 
often  so  intense  as  to  preclude  the  idea  of  its  being  entirely  due  to 
ordinary  tidal  streams,  and  to  suggest  rather  the  sudden  currents 
which  would  be  caused  by  the  occasional  melting  of  ice  altering  the 
temperature  of  the  water.  That  ice  was  occasionally  present  in  the 
Middle-drift  sea  is  proved  by  the  fact  that  beds  with  scratched 
pebbles  are  occasionally  found  in  it,  both  in  the  Blackpool,  ProstoTi, 
and  Chorley  districts ;  and  the  contorted  and  folded  Middle  Drift 
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Been  on  the  northern  side  of  Morecamhe  Bay  is  no  doubt  dne  to  tiie 
stranding  of  ioe-bergs. 

9.  That  the  surfaoe  of  the  Middle  Drift  in  Lancashire  appears  to 
have  been  everywhere  eroded  into  small  hollows  and  nndnlations, 
apparently  caused  by  subaerial  denudation ;  if  this  be  so  (and  there 
are  many  reasons  to  believe  it  was),  the  countiy  must  have  risen  above 
the  Middle-drift  sea,  become  land,  have  suffered  denudation,  and  again 
sunk  beneath  the  sea  before  the  deposition  of  the  Upper  Boulder- 
clay.  Be  that  as  it  may,  there  can  be  no  doubt  that  the  Upper  Till 
invariably  rests  on  an  eroded  sur&ce  of  Middle  Drift,  the  two  forma- 
tions being  unconformable. 

10.  That  at  the  close  of  the  period  during  which  the  Middle  Drift 
became  eroded,  the  climate  again  became  cold,  and  that  portion 
of  land  which  stood  above  the  sea  more  or  less  covered  with  ice ; 
this  tract  was  probably  considerable,  as  the  land  during  the  deepest 
submergence  of  the  Upper-till  period  does  not  appear  to  have  been 
more  thon  800  feet  lower  than  at  present,  the  cLays  in  the  deeper 
valleys  of  the  Penine  chain,  at  greater  elevations,  probably  belong- 
ing to  the  high-levd  Lower  Boulder-day.  With  the  change  of  cli- 
mate came  an  alteration  in  the  character  of  the  deposits ;  sands  and 
gravels  were  no  longer  thrown  down,  owing  probably  to  the  coasts 
being  again  surrounded  by  an  ice-foot ;  and  the  grinding  of  glaciers 
over  the  land  caused  vast  quantities  of  day  to  be  carried  out  to 
sea,  hdd  in  suspension  by  the  water,  and  spread  over  the  country, 
where  stratification  is  now  but  fiiintly  visible,  probably  from  the 
extreme  fineness  of  the  grains  of  matter  of  which  the  Upper  Till  is 
composed :  the  induded  stones  in  it,  though  erratic,  are  always  more 
or  less  rounded ;  and  at  whatever  height,  so  far  as  I  have  seen  it,  this 
formation  oocurs,  it  invariably  contains  more  or  less  perfect  shdls  of 
marine  moUusca.  None  of  these  are  of  an  extremdy  arctic  cha- 
racter, I'urriteUa  communis^  Bucdnum  undatum.  Purpura  lapiUuSy 
Cardium  edule,  and  Tdlina  baUhica  being  the  commonest.  All  these 
occur  in  the  Middle  Drift,  as  well  as  many  others.  The  first  also 
occurs  in  the  marine  Lower  Boulder-day,  and  also  in  the  Upper  TilL 

11.  That  before  the  surface  of  the  Upper  Boulder-day  became 
land,  and  probably  before  any  upward  movement  commenced,  the 
climate  appears  to  have  ameliorated,  the  ice-foot  to  have  disappeared, 
the  formation  of  shingle  to  have  recommenced,  and  the  gladers  to 
have  suffldently  retreated  to  no  longer  send  down  vast  quantities  of 
clay  to  the  sea,  the  dust,  so  to  speak,  of  thdr  gigantic  sawing  of  the 
valleys  of  the  country ;  for  on  the  surfaoe  of  the  Upper  Till,  in  the 
north  of  Lancashire,  often  at  elevations  of  500  or  600  feet,  occur 
mounds  of  water- worn  gravels,  similar  to  those  known  as  Eames  in 
Scotland,  and  Eskers  in  Ireland. 

12.  That  the  glaciers  appear  to  have  lingered  espedally  in  the 
deep  valleys  of  the  Cumberland  and  Westmoreland  lake  district, 
where,  in  many  oases  (Borrodale,  Langdale,  Liza  valley),  they  have 
excavated  out  the  marine  drift,  and  shed  their  moraines  in  the 
space  thus  left  vacant.  In  the  latter  valley  I  found  the  moraine- 
mounds  to  be  peculiarly  numerous  and  well  preserved. 
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AppEirDiz. 

Percentage  of  ike  Bocks  included  in  ikf,  Qlacinl  drifts  of  Lancashire 
and  KW.  Cheshire. 

Makchbstbr  (mean  of  three  ezaminatdons,  given  by  Mr.  Binney, 
Trans.  Man.  lit.  Phil.  Soc.  voL  x.  p.  133). 

Angular.     ParUy  rounded.        TotaL 
GranitoB,  greenBtones,  and  other  igneous 

rocki   50 

Slates  and  Silurians  3*66 

Mountain  Limestones   1*0 

Coal-measures    26-33 

New  Bed  sandstones 2*0 

Striaied  rocks 

GoETOK,  near  Manchester  (determined  by  Prof.  Eamsay.     Mem. 
GeoL  Survey,  *  Geology  of  the  country  around  Oldham'). 
Granite  61 

ILf^:!:'^.:::::::;:::::::::::::;::  %  Uperceat-igneou.. 

Porphyritic  conglomerate 4  J 

Ironstone    2 

Silurian  grits 37  per  cent. 

Carboniferous  limestone  ^\  in  ,v«-  «««4.  ri..iwx«:«»»N.,i. 

Carboniferous  grits  j^  j  17  per  cent.  Carboniferous. 

Eastham,  on  the  Mbrset,  near  Bibkbnhead  (given  by  Mr.  Hull, 
^Mem.  on  Oldham,  p.  51). 

Granite  8^ 

Greenstone 8 

Felspar  porphyry  6 

Felstone 7 

Quartz  rock    9^ 

Ironstone    1  • 

Silurian  grits 43  per  cent 

Carboniferous  limestone   4\    k^--^-*  «-«u««ift««„. 

Carboniferouegrita   ij   5  per  <»nt  carboniferous. 

Triasaio  or  Permian  sandstone 12 


37  per  cent,  igneous. 


7.  On  the  Postglacial  Deposits  of  Wbstebn  Laitoashibe  and  Chx- 
SHIBB*.  By  C.  E.  BE  Eance,  Esq.,  F.G.S.,  of  the  Geological  Survey 
of  England  and  Wales. 

Wirral,  Cheshire, — ^The  general  form  of  the  ground  of  the  peninsula 
of  Wirral  has  already  been  described  in  my  paper  on  the  glacial  phe- 
nomena of  the  district, — the  northern  portion  being  a  lovr  alluvial 
plain,  with  a  hill  in  the  centre  (on  which  liscard  is  built),  rising  like 
an  island  above  it,  and  bounded  on  the  south  by  a  line  of  old  diff, 
abruptly  terminating  the  various  longitudinal  valleys  which,  run- 
ning with  the  strike  of  the  rocks,  traverse  the  southern  portion  of 
the  district.  Much  of  this  low  plain  is  below  the  sea-level,^being 
naturally  protected  from  the  sea  by  a  range  of  sand-hills,  about 

*  Communicated  with  the  permission  of  the  Director-GkneraL 
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50  feet  high :  these,  however,  in  the  neighbourhood  of  Leasowe, 
were  washed  away  by  the  continnal  encroachment  of  the  sea  many 
yean  ago,  and  their  place  artificially  supplied  by  an  embankment, 
which  has  to  be  continually  repaired,  and,  after  heavy  storms,  even 
partially  rebuilt,  the  cost  of  which  is  paid  by  an  acreage-toll  levied 
on  the  landowners  of  the  district. 

The  drainage  of  the  district  is  naturally  much  obstructed.  Deep 
sluices,  like  small  canals,  often  from  16  to  20  feet  deep,  carry  the 
water  into  the  river  Birket,  which  fedls  into  Wallasey  Pool,  an  arm, 
or  tributary,  of  the  Mersey.  In  the  sections  exposed  in  the  Birket 
and  sluices,  beds  of  peat,  often  as  much  as  16  feet  in  thickness, 
are  seen  resting  on  grey  days ;  and  on  the  northern  portion  of  the 
tract  a  bed  of  sandy  marine  silt  occurs  on  the  peat,  caused  by  recent 
inroads  of  the  sea.  The  sand  dunes,  when  their  bases  are  seen,  are 
found  almost  invariably  to  rest  upon  a  surface  of  peat.  At  New 
Brighton,  on  the  Mersey,  there  is  a  slight  exception,  the  sand  resting 
on  the  bare  rock,  belonging  to  the  Bunter  Pebble-beds.  A  little 
further  west,  the  red  beds  of  the  Upper  Mottled  Sandstone  occur, 
jutting  out  into  the  sea,  forming  the  picturesque  difis  known  as  the 
«  Red  Noses." 

Walking  along  the  sea-coast  from  the  Bed  Noses  towards  Hoylake, 
a  little  before  reaching  Leasowe  Castle,  the  section  given  in  fig.  1  is 
reached.  The  sand-dunes  (▲)  are  about  35  feet  in  height,  rest  on  a 
flat-surface  peat  (b)  about  2  feet  thick,  which  runs  out  seawards 
about  five  yards,  forming  a  terrace,  resting  on  a  bed  of  pale,  pure, 
grey-coloured  clay  (c),  containing  Cardium  edule,  and  with  a  marshy 
growth  at  its  surface.  This  clay  rests  upon  a  thin  bed  of  peat  (b) 
resting  upon  another  bed  of  grey  clay,  covering  still  another  seam 
of  peat,  which  is  believed  to  rest  on  the  Boulder-clay,  here  covered 
up  with  sea-sand. 

In  fig.  2  a  greater  thickness  of  peat  is  observed,  and  it  is  split  in 
two  by  a  bed  of  olive-green-coloured  sand  (b'),  containing  Tellina 
balthica  and  Cardium  edule,  A  sand  of  probably  the  same  age  occurs 
in  Lancashire,  north  of  Southport,  and  I  shall  hereafter,  for  conve- 
nience, call  it  the  '*  TeUina-halUiiea  sand.'' 

The  peat  below  the  sand  (b")  is  about  2  feet  in  thickness,  and  rests 
upon  the  usual  grey  clay  (c)  with  a  marshy  growth  at  the  top.  Its 
base  is  concealed  by  sand,  and  it  is  doubtM  whether  it  is  marine  or 
fiuviatile  at  this  point,  as  these  conditions  vary  in  a  few  yards.  There 
can  be  little  doubt  that  the  whole  of  the  silts  of  the  Birket  plain  were 
deposited  when  this  tract  was  an  estuaiy  of  the  Mersey,  that  river 
having,  even  in  historical  times,  fiowed  through  the  gorge,  at  the 
bottom  of  which  now  runs  Wallasey  Pool  into  tbe  sea,  between  Lea- 
sowe and  New  Brighton,  until,  through  the  outlet  being  choked  by 
the  deposition  of  alluvium,  the  drainage  has  to  a  certain  extent  been 
reversed.  Whilst  this  deposition  went  on,  freshwater  forms  might 
have  lived  in  pools  of  fresh  water  in  hollows  of  the  Boulder-clay, 
simultaneously  with  marine  forms  in  other  pools  filled  by  high  tides 
a  few  feet  distant, — ^fiuviatile  and  marine  forms  of  life  preponderating 
horiiontally  and  vertically  in  the  silts,  according  to  whetiier  freshets 
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or  spring  tides  happened  to  be  in  the  ascendant.  This  state  of  things 
is  going  on  at  the  present  time  in  the  marshes  of  the  Bibble,  between 
Preston  and  Southport,  where,  after  heavy  rains  or  floods,  fii^h water 
shells  may  be  found,  during  neap  tides,  in  the  hollows  in  the  Scro- 
hictdaria-rnxxdy  and  where,  after  spring  tides,  crabs  may  be  found 
living  in  all  the  ditches  for  one  or  two  miles  inland. 

In  Section  2,  and,  in  fact,  in  all  other  sections  where  the  junction 
of  the  sand  dunes  with  the  underlying  peat  is  visible,  the  base  of  the 
blown  sand  is  found  to  be  stratified  (a"),  and  to  contain  freshwater 
shells,  especially  Bithinia  tentaeulata.  It  would  therefore  appear 
that  when  the  sand  commenced  to  be  blown,  both  in  Cheshire  and  in 
Lancashire,  the  surface  of  the  country  was  a  freshwater  morass  or 
bog,  which  was  gradually  filled  up  by  the  sand ;  indeed,  in  Cheshire 
and  at  Southshore,  near  Blackpool  (but  not,  so  far  as  I  am  aware, 
between  Liverpool  and  Southport,  or  at  Lytham),  seams  of  peat, 
from  the  tenth  of  an  inch  to  3  inches  in  thickness,  occur  in  the  first 
four  or  five  feet  of  the  sand  dunes  (a"),  sometimes  as  many  as  ten 
or  eleven  seams  occurring  in  a  foot,  always  in  strictly  horizontal 
layers.  This  stratified  sand  I  have  called,  for  convenience,  the 
*'  Biihinia'tentactdata  sand." 

West  of  Section  2,  and  about  50  yards  east  of  Leasowe  Embank- 
ment, the  Tellina-eaxid  has  thinned  out,  but  reappears  on  the  other 
side  of  the  sea-wall — the  two  beds  of  peat,  again  coalesced,  reaching 
a  thickness  of  five  feet ;  beneath,  a  thick  bed  of  greylclay  occurs,  Aill 
of  valves  of  ScrohiciUaria  piperata.  This  I  have  called  the  "  Lower 
Serohicularia^clBLj,*'  as  a  bed  with  Serobictdaria  lies  (Mbwe  the  thick 
peat  of  Lancashire.  In  this  section  the  first  six  feet  of  the  sand 
dunes  is  the  **  Bithima^e&nd"  with  seams  of  peat,  at  every  10  or  12 
inches.  Above  the  last  seam  of  peat  the  sand  contains  worn  marine 
shells,  blown  in  and  associated  with  freshwater  and  land-shells, 
which  lived  and  died  on  the  spot. 

Still  further  west,  at  a  point  about  ten  yards  north-east  of  the 
north-east  end  of  the  embankment,  the  peat  is  about  5  feet  thick, 
resting  on  9  feet  of  iScro^iouZaria-day,  the  latter  resting  on  the  Upper 
Boulder-day,  which  is  of  a  deep  purplish  red,  with  blue  seams,  and, 
under  the  action  of  the  waves,  hius  been  furrowed  into  long  grooves, 
running  at  right  angles,  or  slightly  obliquely  to  the  shore.  It  is 
honeycombed  by  marine  organisms,  and  here  and  there  bored  by 
Pholades.  All  the  pebbles  are  erratic ;  and  occasional  lai^ge  boulders 
are  seen  overgrown  with  tangle.  The  sur&oe  of  the  grey  Scrobi- 
eu2arta-clay  is,  as  before,  a  marshy  growth ;  but  it  is  penetrated  by 
the  large  and  massive  roots  of  a  perfect  forest  of  trees,  found  at 
the  base  of  the  peat  above. 

Further  west,  in  the  centre  of  the  embankment,  these  various  beds 
thin  very  much,  the  Boulder-day  rising  higher,  in  a  kind  of  boss  or 
dome ;  and  it  is  therefore  probable  that  the  beds  above  described  lie 
in  a  hollow  cut  in  the  Boulder-day  by  the  Mersey  when  this  tract 
was  its  estuary. 

Behind  the  embankment  a  thin  bed  of  blown  sand  is  found  resting 
on  peat,  near  the  Leasowe  Lighthouse.    About  6  feet  of  this  is  visible 
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in  a  pond,  and  it  appears  to  rest  directly  on  the  Boulder-day,  in  the 
alnice  bank.  A  little  south,  at  the  foot  of  the  embankment,  on  the 
shore,  a  thin  seam  of  peat,  resting  on  abont  16  inches  of  grey  clay,  is 
seen  lying  on  the  Bonlder-clay.  The  surface  of  the  peat,  between 
high-  and  low-water  mark,  is  planted,  so  to  speak,  at  every  20  yards, 
with  a  doable  row  of  young  saplings,  apparently  hazels,  about  3  feet 
apart,  running  in  parallels  diagon^y  to  the  shore  in  a  north-west 
and  south-east  direction.  Their  roots  are  in  the  grey  clay;  but 
there  is  some  reason  to  believe  that  they  were  planted  at  a  compara- 
tively late  date,  as  I  was  able  to  trace  tiie  **  grey  clay"  in  question 
to  an  horizon  above  that  of  the  thick  peat,  which  has  so  great  a  de- 
velopment on  either  side  of  the  sea-bank. 

From  the  end  of  the  bank  to  the  river  Dee,  at  Hoylake,  the  coast 
is  bordered  by  sand  hills,  occupying  a  tract  about  half  a  mile  in 
breadth,  and  tiirough  which  the  Hoylake  and  Birkenhead  Railway 
is  built.  Beneath  the  sand  dunes  at  Dove  Marks  (fig.  3),  east  of 
Hoylake,  the  following  succession  of  beds  occurs : — 

feet. 

1.  Bitkinia-teniacuiata  Band   2-4 

2.  Peat.    This  bed  occasionally  appears  to  have  formed  a  cultivated 

sorfaoe  before  the  deposition  of  the  sand 1 

3.  TeAtfto-^^Atca  sand,  with  seams  of  bluish  clay.    This  is  apparently 

the  seam  in  which  Mr.  Ecroyd  Smith  has  recorded  the  presence 
of  Saxon  andBoman  coins 2 

4.  Peat    The  representatife  of  the  thick  peat  of  Lancashire  and 

Cheshire   3 

5.  Bluish-grey  clay,  the  upper  portion  of  freshwater  origin 3 

„         „          the  lower  of  marine,  and  containing  Serobicu- 
laritB 1 

6.  Peat,  with  a  few  stumps  of  trees  with  their  roots  in \\ 

7.  Boulder-day.      From  half-tide  to  the  lowest  water-mark. 

In  the  lowest 'peat  (6)  no  historical  or  natural  remains  have,  I  be- 
lieve, ever  been  found ;  but  some  of  the  flint  weapons  in  the  Liverpool 
Museum  are  believed  to  have  come  out  of  this  seam,  others  from  the 
base  of  the  peat  above.  In  addition  to  the  flint  weapons,  Mr.  Ecroyd 
Smith  *  believes  it  to  contain  bones  of  Bos  primigenius  and  Megaeeras 
hU>emicM,  and  of  Cetacea ;  but  these  bones,  I  think,  possibly  are 
those  that  were  found  in  the  blue  silt  resting  on  a  peat-bed  with  a 
forest  on  its  surface,  in  excavating  Wallasey  Pool  for  docks  in  1858, 
and  which  have  been  described  by  Mr.  T.  J.  Moore  in  the  '  Lanca- 
shire Historic  Society's  Transactions.'  In  this  case  they  are  more 
probably  of  the  age  of  the  Tellina-baltJaea  sand,  as  the  peat  in  Wal- 
lasey Pool  no  doubt  belongs  to  the  main  or  thick  peat  of  the  district, 
which,  near  the  Birket,  attains  a  thickness  of  nearly  20  feet.  In 
this  peat  bones  of  horses,  oxen,  and  deer  have  been  found,  as  well  as 
great  numbers  of  Eoman  and  Saxon  coins,  and  in  one  portion  arrow- 
heads of  stone,  shell,  and  flint.  The  latter  substance  must  have  been 
brought  to  the  spot,  either  from  southern  counties  or  from  eastern 
Yorkshire.     Great  numbers  of  coins  of  all  ages  are  constantly  being 

*  *  Beliquary,'  April  1865 ;  also.  Bey.  A.  Hume,  LL.D.,  in  '  Ancient  Meob ;' 
Morton's  *  Q^lo^  of  Lirerpool,*  p.  49 ;  '  Proc.  of  Hist  Soc.  of  Lanoaahire  and 
Cheshire '  for  various  years. 
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picked  up  on  tke  North-Cheshire  beach,  meet  of  which  aie  no  doabt 
washed  out  of  the  main  peat  and  the  overlying  Bithinia  and  TeUina 
sands.  Amongst  those  preserved  in  the  Liverpool  Musemn  are  some 
of  Nero,  Antoninus  Fins  (a.d.  138-160),  Marcus  Aurelios,  others 
struck  at  Carthage,  others  struck  by  Canute  and  by  various  English 
kings  from  WilUam  L  to  William  III.  Various  antiquities  have 
been  described  by  Dr.  Hume  from  this  coast  in  his  <  Anci^it  Meols ;' 
but  the  exact  position  from  which  they  were  derived  b  in  almost 
every  case  extremely  doubtful.  But  after  carefully  examining  all  the 
objects  from  the  coast  of  Wirral  in  the  Liverpool  Museum,  as  well 
as  the  coast-section,  the  following  correlation  of  historical  periods 
with  the  geological  formations  appears  to  be  warranted : — 

Becent  to  Norman  Conquest Sand  dunes. 

Danes  and  Saxons B.-tentaculata  sand. 

Saxons   Peat  and  made  earth. 

Saxons  and  Romans TeU.-balthica  sand. 

Romans  and  Celts f  Main  peat. 

Celts   \         „         lower  portion. 

Palax)lithic- weapons  race Lower  blue  sUt. 

No  trace  of  man Lowest  peat. 

Liverpool  and  the  Country  between  the  Rivers  AU  and  Douglas. — 
The  form  of  the  ground  of  this  tract  has  already  been  mentioned  as  a 
great  plain  covered  with  peat-moss  (fig.  3),  mostly  below  high-water 
mark,  with  the  exception  of  the  few  miles  between  Liverpool  and 
Bootle,  where  some  hard  beds  of  the  Trias,  thrown  up  by  faults,  form 
one  or  two  lines  of  escarpment,  more  or  less  covered  with  Boulder- 
drift.  The  peat  and  other  postglacial  deposits  fringed  this  compara- 
tively high  ground,  and  connected  the  low  grounds  of  the  Alt  plain  with 
those  of  Wirral  described  above.  The  reexcavation  of  the  valleys  after 
the  glacial  period  appears  to  have  been  nearly  complete  before  the 
period  when  the  peat  and  its  underlying  blue  clays  were  formed  and 
deposited ;  for  we  find  these  deposits,  not  only  at  the  bottom  of  the 
rivers  Dee  and  Mersey  and  the  old  tributary  of  the  latter,  Wallajsey 
Pool,  but  in  the  bottoms  of  all  the  little  narrow  brook- valleys  on 
either  side  of  the  Babble,  as  well  as  under  the  alluvium  at  the  bottom 
of  the  great  drift-cut  gorge  of  that  fine  river.  The  deposition  of 
freshwater  silt,  and  the  subsequent  growth  of  peat,  over  so  large  a 
tract,  embracing  the  whole  of  the  north-west  of  England,  must  neces- 
sarily have  been  produced  by  some  great  cause  tending  to  obstruct  the 
natural  drainage,  causing  the  accumulation  of  vast  freshwater  lakes, 
afterwards  land  covered  with  dense  forests,  destined  again  to  become 
swampy  marshes,  eventually  choked  with  the  growth  of  peat-moss. 

An  examination  of  the  postglacial  deposits  between  the  rivers 
Mersey  and  Babble  tends  in  some  measure  to  throw  light  upon  the 
conditions  which  may  have  produced  this  obstruction  of  drainage. 
This  peat-moss  plain  (shaded  in  fig.  3)  is  bounded  to  the  east  by  a  tract 
of  country  with  an  average  elevation  of  125  feet,  separated  from  the 
lower  plain  by  what  may  be  called  a  double  cliif,  the  first,  of  pregla- 
cial  age  (formed  in  the  hard  Keuper  Sandstone  rooks),  being  concealed 
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by  Boulder>clay,  which  once  had  a  great  thickness  over  the  lowland 
plain,  as  it  has  still  over  the  equally  low  rock-surface  in  the  Preston 

Fig.  3. — Sketch-map  of  part  of  Western  Lancashire  and  Cheshire, 
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district,  but  has  since  been  swept  away  by  marine  denudation  (as  in 
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tlie  case  of  the  Biiket  plain  in  ^jHrral),  leaving  a  aecond  cliff  fonned 
of  Boulder-day,  in  some  places  several  hundred  yards  in  front  of  thai 
of  pr^lacial  age.    The  Bonlder-clay  diff  itself,  howerer,  is  seldom 
visible,  being  concealed  in  the  district  between  the  rivers  Alt  and 
Douglas  by  a  range  of  old  sand  dunes,  formed  along  the  postglaGial 
sea-margin,  as  the  land  began  to  rise,  after  the  formation  of  the  clay- 
cliffs  referred  to.     This  sand  is  at  onoe  distinguishable  fix>m  the  sand 
of  the  modem  sand  dunes  by  its  large  grain,  and  by  the  absence  of 
black  specks  of  some  hard  substance  invariably  found  in  the  latter. 
I  have  called  it  the  ''  Shirdley-Hill  sand,"  and  have  described  it  at 
length  in  the  Geological-Survey  description  of  the  quarter  sheet 
between  Liverpool  and  Southport.    These  dd  sand  dunes  form  a  line 
of  more  or  lees  detached  hillodLS  (fig.  3),  the  chief  of  which  are  known 
as  Pye  Hills  and  Shirdley  Kill,  as  well  as  hills  in  Kaskayne,  near 
Hightown,  and  several  places  in  KalsalL     In  the  latter  puish,  near 
the  village,  the  sand  forms  the  floor  of  the  peat,  which  varies  from  10 
to  2  feet  in  thickness,  resting  on  about  10  feet  of  sand,  which  contains 
many  small  pebbles,  and  occasionaUy  a  few  marine  shells.     Its  sur- 
fiioe  is  here  about  4  feet  lower  than  the  base  of  the  old  sand  dunes, 
and  must  therefore  be  the  actual  strand  of  the  postglacial  sea  when 
it  covered  what  is  now  the  peat-moss  plain.    The  sand  can  be  traced 
northwards  as  far  as  a  hill,  or  bank  of  Boulder-day,  about  50  feet 
high,  occurring  on  the  south  bank  of  the  river  Douglas,  near  Taile- 
ton.     It  can  also  be  traced  eastwards,  along  the  low  lines  of  this 
river,  in  the  direction  of  Wigan,  everTwbere  underlying  the  main  or 
thick  peat  when  existing  as  a  marine  deposit.    A  bed  of  sand  occurs 
in  the  surface  of  the  upper,  or  125-feet,  plain,  in  the  neighbourhood 
of  Aintree,  Maghull,  Orrell,  and  Ormskirk,  which  is  apparently  of 
the  same  age  as  the  Shirdley-Hill  sand,  having  every  appearance  of 
having  been  blown  from  the  line  of  old  sand  dunes  referred  to  above. 
It  is  an  extremely  variable  deposit,  occurring  at  the  top  of  a  hill  and 
not  at  the  bottom,  or  vice  verid,  on  the  one  side  of  a  valley  and  not 
on  the  other,  and  often  thinning  from  16  feet  to  2  feet  in  less  than 
a  quarter  of  a  mile.     On  the  upland  plain  it  contains  minute  frag- 
ments of  marine  shells,  apparently  Cardium  edule  and  Tumiella 
terebra^  and  in  one  instance  a  perfect  freshwater  lAmnma ;  and  it 
invariably  rests  upon  a  bed  of  peat,  varying  from  4  feet  to  an  indi 
in  thickness.     It  would  therefore  appear  probable  that,  after  the 
elevation  that  heaved  the  surface  of  the  Upper  Boulder-day  into  land, 
the  sea-margin  stood  much  further  out  in  the  Irish  ChanneL     Tha 
gradual  wearing  back  of  the  Boulder-clay  clifiEs,  probably  during  a 
fresh  subsidence,  produced  the  low  plains  between  the  Dee  and 
Mersey  and  Alt  and  Douglas,  on  the  surface  of  which  the  Shirdlej 
sand  was  deposited,  which,  in  the  latter  plain,  on  fresh  devation, 
was  blown  into  sand  dunes,  and  from,  them  far  into  the  inland 
country.   In  the  former  plain  the  denudation  was  so  complete,  that  the 
Boulder-day  cliff  was  worn  back  and  back  until  all  vestiges  were 
destroyed ;  and  the  edges  of  the  postglacial  deposits  rest  against  the 
base  of  the  old  preglacial  diff,  which  extends  from  the  one  river  to 
the  other.     No  sandy  beds  appear  to  be  here  present ;  but  they  were 
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probably  swept  away  by  after-denudation.  Neither  does  any  repre- 
sentative of  the  "  Shirdley-Hill  sand  "  occur  in  the  Kibble  estuary 
or  valley,  possibly  because  the  latter  was  not  so  deep  or  fully  formed 
during  that  period  as  now.  But  much  further  north,  on  tibe  north 
shore  of  Morecambe  Bay,  at  the  top  of  a  low  cliff  of  Upper  Boulder- 
day,  at  Eampside  near  Barrow,  is  a  well-known  postglacial  deposit, 
containing  species  of  marine  shells,  which  have  been  enumerated  by 
Miss  Hodgson,  of  Ulverstone.  This  deposit  appeared  to  me  in  some 
measure  to  resemble  a  raised  beach,  or  rather  sea-bed,  occurring  on 
the  southern  shore  of  the  bay,  west  of  Pilling,  between  Fleetwood 
and  Lancaster,  which  I  found  to  underlie  the  main  or  thick  peat  of 
that  area,  and  to  abut  against  a  high  diff  of  Upper  Boulder-day  on 
the  top  of  which  the  village  of  Preesall  is  built.  The  sand  and 
shingle  contain  Cardivim  edule,  Natica,  and  other  marine  sheUs,  and 
fragments  of  hsBmititic  iron-ore  from  the  Fumess  district.  The  de- 
posit is  but  rarely  seen;  but  there  can  be  little  doubt  that  the  whole  of 
the  inmiense  peat-moss  plain  forming  the  country  on  the  southern 
side  of  Morecambe  Bay,  between  the  sea  and  the  glacial-drift  covered 
Fylde,  was  once  the  postglacial  sea-bottom,  and  that  Morecambe  Bay 
was  shaved  across  by  the  sea  at  the  same  period  as  the  plains  between 
the  Dee  and  Mersey  and  the  Alt  and  Douglas — ^the  only  difference 
being  that,  with  the  exception  of  the  peat-moss  plain  between  Pilling 
and  Fleetwood,  the  whole  of  the  Morecambe  plain  is  again  beneath 
the  waves,  while  all  the  skill  of  the  engineer  has  to  be  exerted  to 
prevent  the  Alt  and  Douglas  portion  sinking  below  them. 

When  the  bottom  of  the  bay  is  examined,  it  is  found  to  consist  of 
red-sandstone  rock,  covered  with  a  thin  bed  of  red  Boulder-day ; 
this,  again,  is  covered  with  a  freshwater  blue  clay,  on  which  grew  a 
forest,  which  is  coveied  with  peat.  It  is  clear,  tiien,  that  after  the 
postglacial  sea  had  formed  a  plain  in  the  gladal  deposits,  leaving 
diffs  all  round  of  Boulder-clay,  the  whole  bay  became  land,  drainage 
was  obstructed,  and  freshwater-beds  were  thrown  down.  These  after- 
wards became  terrestrial  surfaces,  supporting  a  forest,  afterwards 
destroyed  by  the  growth  of  peat, — a  result  exactiy  similar  to  that 
obtained  from  an  examination  of  the  estuary  of  the  Mersey,  men- 
tioned above. 

The  light-coloured  blue  clay,  occurring  under  the  main  thick  peat, 
I  have  csJled  the  *'  Lower  Cyc^-clay,"  as,  in  the  neighbourhood  of 
Southport  and  Formby,  where  it  is  well  developed,  being  about  20  feet 
thick,  it  contains  the  shell  Cydas  cornea,  occasionally  to  the  almost 
total  exdusion  of  any  other  form.  The  clay  does  not  extend  east- 
wards under  the  whole  of  the  moss,  but  gradually  thins  out  along  a 
line  nearly  parallel  with  the  coast,  at  a  distance  of  from  three  to  four 
miles  from  it.  To  the  east  of  this  line  the  peat  is  about  12  feet  thick^ 
resting  on  the  Shirdley-Hill  sand.  It  is  drier  and  more  friable  than 
where  resting  on  the  *^  Oy  das-clay"  and  is  made  chiefly  of  layers  of 
more  or  less  decomposed  heather-stems  and  leaves,  instead  of  SpTuig- 
num  and  other  mosses,  as  is  the  case  with  the  peat  on  the  clay.  At 
the  base  of  the  peat,  in  both  instances,  a  submerged  forest  is  foimd. 
Near  Halsall  the  trees  are  chiefly  oak,  some  of  them  of  veiy  large 
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size.  In.  most  iiifltances  the  roots  of  the  trees  are  found  extending 
far  down  into  the  subsoil  beneath ;  and  when  the  oyerlying  peat  is 
removed,  about  2  feet  of  the  stem  is  found  left  standing  above  the  sur- 
face of  the  ground  in  which  it  grew.  Submarine  forests  axe  found, 
more  or  less,  all  along  the  Lancashire  coast,  as  in  North  Cheshire — 
and  when  not  seen,  are  present  beneadi  the  sea-^and,  occnrring 
sometimes  at  Southport  80  feet  below  high-water  mark.  The  sub- 
marine peat  and  forest  is  eveiywhere  connected  with  the  peat  and 
submerged  forest  of  the  lowlands  (or  '*  broads,"  as  they  would  be 
called  in  some  districts),  running  under  the  sand  dunes  which 
fringe  the  coast,  in  a  belt  varying  from  a  half  to  nearly  four  miles 
in  breadth,  and  often  reaching  an  elevation  of  nearly  100  &et  above 
the  level  of  the  sea. 

To  the  north-east  of  Southport,  towards  the  river  Douglass,  the 
site  of  the  old  lake,  Martiu-Mere,  called  by  Camden  *'  the  biggest 
mere  in  Lancashire,"  is  covered  with  very  thick  and  dense  peat, 
resting  on  the  CycZcu-clay.  Its  waters  appear  to  have  been  bounded 
to  the  north  by  the  lull  of  Boulder-^day,  masked  at  the  bottom  by 
Shirdley-Hill  sand,  near  Tarleton,  referred  to  in  the  description  of 
that  sand,  the  position  of  which  is  traced  on  fig.  3. 

The  lake  contained  in  the  sixteenth  century  3400  acres,  but  was 
drained  in  1692  by  Mr.  Thomas  Fleetwood,  who  spent  an  enormous 
sum  of  money  in  doing  so.  While  the  excavations  were  going  on, 
eight  canoes,  each  hewn  out  of  a  single  tree,  were  found;  one  of 
them,  I  believe,  is  in  the  British  Museum.  According  to  Ldgh's 
'  Natural  History  of  Lancashire,'  published  in  1700,  one  of  the  canoes 
had  iron  plates  on  it.  He  also  relates  the  finding  of  great  quantities 
of  fir  stocks  and  fir-apples.  The  fir  trees  found  under  the  moss,  then 
as  now,  were  so  bituminous  as  to  be  used  as  candles  by  the  neigh- 
bouring inhabitants.  Leigh  also  mentions  that,  under  the  moss, 
<liBtLnct  plantations  of  birch,  oak,  ash,  and  pine  were  found,  that 
had  evidently  been  planted.  Some  trees  that  I  have  observed  dug 
up  from  the  ^oss  over  the  site  of  this  lake  certainly  appear  to 
have  been  cut  down  by  some  blunt  implement,  possibly  a  stone  axe ; 
and  many  of  the  oak  trees  in  the  submarine  forest  near  the  mouth 
of  the  Alt  appear  to  be  placed  in  right  lines  at  equal  distances. 
But  the  bases  of  these  have  every  appearance  of  having  become  gra- 
dually rotten,  owing  to  the  obstruction  of  drainage  causing  the  rise  of 
water,  in  which  peat  began  to  form,  and  into  which  the  trunks- were 
afterwards  blown  by  powerful  westerly  and  south-westerly  winds,  to 
which  the  half-rotted  stems  formed  aq  easy  prey.  Everywhere  in 
West  Lancashire  the  heads  of  the  buried  trees  generally  lie  to  the 
north-east,  especially  when  the  trunk  is  not  entirely  separated  from 
the  roots. 

The  trees  dug  up  from  the  mosses  are  generally  of  a  black  colour; 
and  the  wood  has  often  acquired  a  considerable  density,  and  is  occa- 
sionally used  for  furniture  and  house-fittings.  The  ti«es  at  the  base 
of  the  peat  at  Eimrose  Brook,  the  mouth  of  the.  Alt,  Pormby,  and 
near  Southport  are  chiefly  oaks  and  pollard  ashes,  in  Croston  and 
Marton  Mosses  chiefly  oaks  and  yews,  and  in  Ljrtham  Moss  oaks  and 
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alders.  When  the  Scotch  fir  occurs  it  is  generally  with  the  oak, 
with  the  exception  of  the  snbmarine  forest  near  Hossall,  where  there 
appears  to  be  a  distinct  horizon  of  Scotch  fir  at  the  base  of  the  peat, 
under  another  tree-surface  consisting  of  oaks.  In  this,  as  in  all  the 
other  sections  in  Lancashire  and  Cheshire,  a  seam  of  hazel  occurs 
near  the  top  of  the  peat.  The  wood  of  this  is  invariably  of 
a  peculiar  red  colour,  and  is  called  by  the  peat-cutters  "red 
wood." 

It  is  thus  clear  that  the  whole  of  the  lowlands  of  Lancashire  and 
Cheshire,  as  well  as  the  slopes  of  the  Triassic  hills,  were  covered,  be- 
fore the  growth  of  the  peat,  with  forests,  including  oaks  of  the  largest 
size,  po&rd  ashes,  beeches,  alders,  yews,  firs — that  after  this  the 
growUi  of  peat  ensued,  varied  by  occasional  seams  of  brushwood,  of 
which  shrubs  of  the  genera  holly,  hazel,  and  spurge  played  the  most 
important  part ;  and  on  the  suiface  of  the  peat,  at  the  present  day, 
the  spurges  and  the  willows,  in  the  drier  portions,  are  gradually 
adding  their  tale  of  leaves.  The  peat  was  probably  formed  during 
Tcry  gradual  subsidence,  the  seams  of  brushwood  indicating  pauses. 

tipper  Scrobictdaria^day, — Resting  on  the  surface  of  the  peat,  on 
both  sides  of  the  river  Wyre'  between  Fleetwood  and  Blackpool, 
and  at  the  mouth  of  the  river  Alt,  near  Hightown,  is  a  deposit  of 
tidal  ftHurium,  reaching  a  thickness  of  neafly  30  feet  south  of  Fleet- 
wood. At  a  depth  of  about  8  feet,  twenty  years  ago,  a  great  number 
of  Boman  coins  were  found  in  this  deposit  in  the  latter  district.  The 
surf^e  of  the  spot  where  the  coins  were  found  is  about  2  feet  above 
high-water  mark;  and  the  **  Sorobicularia-ch,y  "  is  covered  with  from 
3  to  4  feet  of  blown  sand.  The  surface  of  the  clay  is  therefore 
rather  below  the  sea-level.  As  the  deposit  contains  the  estuarine 
shell  *80robiculafna  piperata  at  all  depths,  including  that  of  8  feet, 
as  proved  in'  borings,  it  follbws  that,  when  the  coins  Were  lost  by  the 
Romans,  the  land  could  not  have  been  higher  than  at  present,  as  has 
beeA  proved  by  Mr.  Geikie  to  have  been  the  case  in  Scotland. 

By  the  Side  of  a  htook  which  runs  up  from  Freckleton  Point,  in 
the  estuary  of  the  Mersey,  near  the  town  of  Kirkham,  is  the  site  of 
a  Roman  bath,  n^ar  which  a  splendid  Roman  bronze  shield  was 
found;  now  in  the  British  Museum ;  as  this  bath  is  only  about 
7  feet  above  high-water  mark,  it  would  t^nd  to  prove  that  the 
country  is  not  lower  now  than  it  was  in  Roman  times ;  and  there 
is  therefore  little  doubt  that  the  level  of  the  Country  has  not  mate- 
rially changed,  and  that  the  Romans  lost  their  money  scrambling  and 
slipping  over  l^e  soft  salt-marsh  mud. 

Blown  Sand. — ^The  blown  sand  of  Lancashire,  south  of  the  Ribble, 
resembles  that  of  Cheshire.  It  is  composed  of  very  fine  grains,  and 
contains  black  specks,  probably  of  hornblende.  The  dunes  between 
Liverpool  and  Southport  rise  to  a  height  of  70  or  80  feet  above  the 
level  of  the  sea,  and  between  Lyiiiam  and  Blackpool  to  a  height  of 
from  60  to  70  f^et ;  b'ut  they  seldom  rise  above  40  feet  near  Fleet- 
wo6d.  Where  the  base  of  the  sand-hills  is  seen  resting  on  the  peat, 
as  at  Southshore,  it  is  fbund  to  consist  of  the  "  Byihima-eoxi^^  as  in 
Cheshire.     In  the  sand  dunes  north  of  the  Ribble^  especially  near 
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Fleetwood,  the  grains  of  sand  are  much  larger,  probably  owing  to 
the  proximity  of  shingle  beaches  derived  from  the  Boulder-claj, 
which,  by  the  action  of  the  waves,  becomes  sand. 

Denudation  of  ihe  Gorge  of  the  Rtbble.—The  Bibble  has  l»ea 
mentioned  as  having  cut  through  the  great*driffc  plain,  between 
Chorley  and  Lancasfcer,  down  to  the  rock  beneath.  It  has,  in  £ut, 
excavated  its  bed,  near  Preston,  to  the  lowest  possible  level,  namdr 
to  low-water  mark,  the  spring  tides  flowing  two  or  three  miks  up 
the  river  beyond  the  town.  The  river  has  excavated  for  itself  a 
gorge,  with  an  average  width  of  a  mile  and  a  half,  bounded  by  steep 
walls,  or  bluffs,  here  and  there  worn  into  difis,  exhibiting  fine 
sections  of  the  glacial  drifts,  of  an  average  elevation  of  firom  80  to 
200  feet. 

The  whole  of  the  excavation  of  this  gorge,  20  miles  long  and 
150  feet  deep,  must  therefore  have  taken  place  since  the  era  of  the 
Upper  Boulder-clay,  or  in  postglacial  times,  and  since  the  countiy 
had  acquired  its  present  level ;  for  if  the  country  had  stood  lower, 
the  sea  would  have  shaved  the  country  across,  instead  of  excavating 
a  comparatively  narrow  valley ;  and  if  the  country  had  stood  hi^er, 
the  river  would  have  excavated  its  bed  deeper,  or  below  low- 
water  mark,  which  is  not  the  case,  as,  whenever  the  rock  is  visible, 
it  is  seen  extending  under  the  drift  as  a  flat  surfaoe,  in  every 
direction. 

The  Bibble  wanders  in  a  series  of  S-like  curves  through  an  allu- 
vial plain ;  and  wherever  the  bend  of  the  S  cuts  the  boundary-waDs 
of  the  plain,  there  the  process  of  river-cliff-making  ensues :  tiie  cliff 
IB  worn  back  and  back,  until  the  river,  by  cutting  across  a  bend,  finds 
a  new  channel ;  then  itte  talus  formed  at  the  base  of  the  diff,  being 
no  longer  removed  by  the  river,  accumulates,  imtil  a  gradual  slope, 
covered  with  grass,  is  formed,  and  the  diff  becomes  a  bluff. 

As  the  bends  of  the  river  are  nearly  a  mile  apart,  and  they  alone 
exercise  the  primary  horizontal  denuding  power,  it  will  be  seen  that, 
for  the  formation  of  the  bluffs,  once  clifb,  the  bends  of  the  river 
must  have  been  successively  upon  every  point  of  the  bluflb  forming 
the  bounds  of  the  plain.  And  as  the  vertices  of  these  bends  move 
with  extreme  slowness,  it  follows  that,  when  the  river  twice  denudes 
the  same  point,  it  must  flow  at  a  lower  level  the  second  time  than  it 
did  the  first. 

This  will  account  for  the  fact  that  terraces  of  Lower  Boulder-day 
have  been  left  at  the  base  of  the  blu£&,  at  higher  levels  than  the 
alluvial  plain — ^the  top  of  the  terrace  marking  the  levd  of  the  river 
when  it  last  denuded  that  point. 

The  river  is  now  depositing  silt,  or  alluvium,  during  every  flood 
produced  by  a  freshet  from  the  land  or  a  high  tide  from  the  sea,  ex- 
cept at  the  points  where  the  denudation  of  the  old  banks  is  at  work. 
Similarly  we  find,  here  and  there,  superimposed  terraces  of  alluvial 
gravd,  at  heights  of  from  20  to  100  feet  above  the  present  level, 
formed  in  the  concave  curves  of  the  S's,  when  it  stood  higher  than 
at  present,  and  cut  the  terraces  in  the  Lower  Boulder-day  before 
referred  to.     The  Bibble,  in  other  parts  of  its  course,  flows  across 
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tlie  alluvial  plain,  bounded  by  secondary  banks,  from  10  to  25  feet 
in  height,  depositing  alluviuoi  on  the  one  bank  and  horizontally 
denuding  the  other.  This  secondary  denuding,  though  important 
£rom  being  exercised  along  the  whole  course  of  the  river,  is  of  much 
less  importance  than  that  exercised  at  the  elbows  of  the  curves  of 
tihe  stream. 

I  have  gone  thus  at  length  into  the  origin  of  these  cliffo,  owing 
tG  Mr.  Mackintosh  having  described  them  as  having  been  formed  by 
the  sea,  and  having,  through  misapprehension,  represented  me  as 
lidding  that  opinion. 

General  GosroLirsioKS. 

1.  After  the  deposition  of  the  Esker  drift,  the  country  appears  to 
liave  gradually  risen,  probably  to  an  elevation  of  from  200  to 
300  feet  higher  than  at  present ;  but  before  this  elevation  was 
reached,  a  pause  appears  to  have  taken  place,  during  which  great 
denudation  took  place — ^the  sea  having  eroded  the  clifb  of  glacial 
drift  in  Western  Lancashire  and  Cheshire,  back  and  back,  until  the 
great  low-lying  plains,  now  covered  with  peat-moss,  came  into 
existence. 

2.  At  the  present  time,  nearly  two-thirds  of  the  Irish  Sea  is 
within  the  30-fathom  line,  which  runs  on  the  east  side,  nearly  in  a 
straight  line  from  the  Mull  of  Galloway  to  St.  David's  Head,  passing 
to  the  west  of  the  Isle  of  Man.  The  whole  of  this  tract  would  there- 
fore become  land  if  there  were  an  elevation  of  200  feet.  Between 
this  line  and  the  coast  of  Ireland  is  a  deep  channel,  generally  about 
a  mile  broad,  of  an  average  depth  of  from  60  to  70  fathoms ;  the 
deepest  portions,  or  rather  points,  are  off  Magee  Island,  84  fathoms 
(504  feet),  and  off  Lame,  112  fathoms  (672  feet)  :  near  this  point  is 
the  Highland  Bock,  in  the  shallow  cfdled  ''  the  Maidens,"  in  only 
6  fathoms,  being  a  faU  of  648  feet  in  half  a  mile.  Off  the  coast 
of  Galloway  is  a  narrow  channel,  about  24  miles  long ;  its  deepest 
point  is  149  fathoms,  or  894  feet,  opposite  Belfast  Ix>ugh.  The 
deepest  water  in  a  straight  line  between  Lancaster  and  Dundalk  is 
67  fathoms  (342  feet) ;  between  Dublin  and  Holyhead,  93  fathoms. 
This  latter  channel  shallows  to  the  south,  towards  the  "  line  of 
least  depth  "  between  England  and  Wales  and  Ireland,  which  runs 
in  a  curve  pointing  south,  from  the  peninsula  of  Caernarvon  to  Ark- 
low,  in  Ireland,  marking  probably  the  watershed  from  which  the 
rivers,  which  probably  formed  the  long  narrow  channels  occurring 
in  the  otherwise  flat  surface  of  the  Irish  Sea-bed,  described  above. 
Southward  of  this  line,  the  deepest  portion  of  which  is  only  44  fa- 
thoms deep  (264  feet),  the  channels  again  deepen,  increasing  in  depth 
towards  the  open  sea,  the  average  being  about  60  fathoms. 

3.  If  in  postglacial  times  the  land  rose  as  much  as  280  feet  above 
its  present  level,  the  coast-line  ran  from  the  Mull  of  Galloway 
to  St.  David's  Head,  and  Ireland  was  connected  with  Wales  by 
a  narrow  isthmus  over  this  "  line  of  least  depth,"  over  which  the 
postglacial  mammals,  the  Germanic  flora,  and  man  himself  may 
have  migrated    This  connexion  would  appear  to  have  taken  place 
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after  the  formation  of  the  lowland  plains,  and  dnring  a  period  when 
all  the  hollows  in  the  mach-denaded  glacial  deposits,  both  in  Lan- 
cashire and  in  the  Isle  of  Man,  were  occupied  by  lakes,  which  threw 
down  the  grey  silt  which  I  have  called  the  "  Lower  Cycto-day," 
and  in  which  the  Cervus  megaceroi  is  so  often  found  entombed. 

4.  It  appears  probable  that  glaciers  still  lingered  in  the  jdeep 
vaUey  of  the  Lake-district  during  the  whole  of  the  period  occupied 
by  the  rising  of  the  land,  the  pause,  and  its  subsequent  denudation 
and  the  connexion  of  England  with  the  Isle  of  Man  and  Wales, with 
Ireland.  The  climate  would  probably  be  rather  colder  than  during 
the  Esker-drift  period,  owing  to  the  greater  extent  of  knd  cooling 
the  air ;  but  the  temperature,  apart  from  local  causes,  was  no  doubt 
becoming  wanner. 

5.  At  the  dose  of  the  pause  in  elevation,  before  the. lake- period, 
when  the  sea  stiU  occupied  the  low  plains  of  Western  Lancashire, 
the  Shirdley-Hill  sand  and  the  Preesall  shingle  banks  came  into 
existence,  forming  a  line  of  old  sand  dunes,  from  which  sand  was 
blown  over  the  face  of  the  country  around  Ormskirk,  covering  up 
the  '*  lower  peat "  formed  during  the  period  of  the  pause.  Bdow 
these  old  sand  dunes  in  the  plain,  flats  of  this  sand  are  occasionally 
found,  forming  the  actual  sea-bottom  of  the  ShirdleyrHillTsand 
sea.  The  surface  of  the  sand  is  worn,  more  or  less,  into  chimneJa 
by  brooks,  or  small  rivers,  which  no  doubt  flowed  into  the  lakes, 
which,  gradually  increasing  in  size,  afterwards  covered  the  whole  of 
these  low-lying  plains,  not  only  between  Liverpool  and  Southport, 
but  between  Fleetwood  and  Lemcaster,  and  all  the  broad  estuaries  oi 
the  rivers  flowing  down  from  the  Cumberland  mountains,  on  the  noitHi, 
side  of  Morecambe  Bay,  with  the  freshwater  ''lower  C^c7a«-clay." 

6.  During  the  formation  of  the  Cyc2cu-clay,  the  entrance,  or  outlet, 
of  all  the  river-  and  brook-valleys  appears  to  have  been  choked  and 
obstructed ;  for  freshwater  lacustrine  marls  almost  invariably  fona 
the  base  of  the  alluvium  of  the  valleys  in  Lancashire  and  Cheshire. 
On  the  surface  of  the  clay,  on  the  plains  and  in  the  valleys,  a  foreiit 
of  Scotch  firs  and  oaks  came  into  existence,  the  fonner  sometimes 
appearing  first,  and  being  succeeded  by  tiie  latter.  The  trees 
attained  an  immense  size,  owing  probably  to  the  continental  condi- 
tions prevailing. 

7.  The  country  began  to  subside;  drainage  became  still  moro 
obstructed ;  the  growth  of  peat  ensued ;  the  sea  encroached  upon  the 
land,  and  gradually  worked  its  way  eastwards  over  the  seai-bottom 
of  postglaoal  times — a  movement  yet  in  progress,  the  lowland,  of 
Western  Lancashire  and  Cheshire  being  preserved  &om  it  only  by 
artificial  means.  In  a  few  places  the  ground  has,  partiy  naturally, 
parUy  artificially,  been  reclaimed  from  the  sea,  as  at  the  mouth  of 
the  Alt  and  Wyre,  where  it  has  deposited  an  Upper  Scrobkykaria-- 
clay  on  the  peat 

8.  Here  and  there,  also,  sand  has  begun  to  blow  during  the  last 
three  or  four  hundred  years,  the  lines  of  sand  dnnes  helping  to  keep 
the  sea  out.  Everywhere  the  sand,  when  it  first  b^an  to  form,  was 
blown  into  fresh  water. 
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8.  Obsbbtations  on  Moderit  Glacial  Action  in  Canada. 
By  the  Boy.  W.  Bleasdsll,  M.A. 

(Communicated  by  Principal  Dawson,  F.B.S.»  F.G.S.) 

Sib  Chables  Ltell,  in  his  *  Principles  of  Geology,'  has  drawn 
attention  to  the  effects  of  glacial  action  in  Canada  in  the  trans- 
poitation  of  large  stones  and  bonlders  on  the  shores  of  the  river  St. 
Lawrence  to  new  positions  by  the  powerful  agency  there  exercised, 
more  or  less,  every  winter.  As  this  subject  possesses  much  geolo- 
gical importance,  I  write  down  a  few  observations  of  this  kind  that 
may  be  of  interest. 

There  can  be  no  donbt  that  in  every  portion  of  the  province 
where  large  rivers,  streams,  and  lakes  abound,  the  effects  of  ice  piay 
be  seen  in  the  removal  of  gravel,  stones,  and  shingle  from  sites 
where  they  have  remained  since  the  Boulder-drift  period. 

On  that  arm  of  Lake  Ontario  which  commence^  at  the  outlet  of 
the  river  Trent,  at  Trenton,  and  runs  in  a  zig-zag  direction  for 
nearly  90  miles  until  it  meets  the  main  lake  near  Kingston,  named 
the  Bay  of  Quinte,  the  waters  are  frozen  over  every  winter  to  a 
thickness  of  from  1|  to  2J  fSeet.  Near  the  head  of  the  bay  (with 
which,  from  a  residence  of  nearly  twenty  years,  I  am  more  especially 
conversant),  and  at  some  period  during  the  season,  a  crack  occurs 
right  across  from  shore  to  shore.  If  this  strikes  a  gravelly  shore  at 
either  end  (as  it  frequently  does),  the  ice  forming  the  crack  being 
lifted  up  on  each  side,  gravel,  shingle,  or  stones  may  be  seen  im- ' 
bedded  in  the  ice  which  has  thus  been  lifted  up.  These  have  been 
taken  from  the  shallows  by  the  ice  coming  into  contact  with  them. 
This  shows  the  effect  of  such  ice  on  a  shallow  gravelly  shore  where 
the  water  is  not  more  than  from  1  to  2  feet  deep.  And  hence  it 
may  be  concluded  that,  not  only  from  such  shores,  but  also  frt>m 
muddy  ones,  earth,  sedge,  and  other  matters  are  transported  to  new 
localities  at  the  breaking  up  of  the  ice  in  the  spring,  when  the 
waters  rise  by  the  melting  of  the  snows  ;  and  thus  we  have  a  pre- 
sent geological  agent  acting  powerfully  every  season  in  the  removal 
of  gravel,  stones,  boulders,  and  earthy  matter  to  distant  spots. 

In  the  rapids  of  the  rivers  in  Canada  loose  cakes  of  ice,  named 
flood-,  anchor-,  or  pack  ice  are  formed ;  and  in  the  river  Trent  these, 
being  formed  thus  a  short  distance  above  the  deep  water  of  that 
river's  mouth,  either  pile  up  in  a  high  mass  on  the  soHd  ice  below,  or 
find  their  way  under  it,  and,  floating  down  to  the  bar  near  the 
mouth  in  the  bay,  there  eventually  dam  up  the  waters  more  or 
less,  and  occasionally  flood  the  banks.  A  large  flood  of  this  kind 
inundated  the  lower  streets  of  the  village  of  Trenton  in  January 
1867 ;  and  the  water  freezing  forthwith,  there  was  a  layer  or  stra- 
tum of  ice  of  over  a  foot  in  thickness  there  for  the  rest  of  the 
winter.  A  flood  of  this  extent  is  of  unfi^quent  occurrence,  how- 
ever, and  the  ice  barrier  generally  gives  way  before  the  waters  rise 
to  this  level.  From  a  similar  cause  the  lower  part  of  the  city  of 
Montreal  was  flooded  by  an  accumulation  of  anchor-ice  from  the 
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Lachine  rapidB  at  the  Yictoria  tubular  railwaj  bridge  two  or  three 
seasona  back.  And  again  a  similar  flood  occurred  in  the  winter 
of  1869. 

But  the  moat  atriking  example  of  the  action  of  anchor-ioe  that 
has  oome  to  my  knowledge  is  that  of  Crab  Island,  situated  in  the 
midst  of  the  Biver  St.  Lawrence,  about  3  miles  above  the  t  own  of 
Cornwall.  This  island  was  situated  between  Bamhasfs  Island  and 
Cornwall  Island.  Mr.  George  Bamhast,  a  man  &r  adTanced  in  years, 
being  over  eighty  years  of  age,  well  remembers  this  island.  When 
he  first  knew  it,  its  extent  was  about  an  acre  and  a  half;  but  he 
could  plainly  see,  from  the  shoal-ground,  that  it  must  formerly  have 
consisted  of  at  least  five  or  six  acres.  He  had  gathered  wild  grapes 
{Vitis  vulpina)  upon  the  island  when  a  boy;  and  there  were  many 
bushes  and  small  trees  upon  it  at  that  time.  Another  old  resident 
also  tells  me  that  he  remembers  its  being  about  an  acre  in  extent. 
Now  Crab  Island  has  entirely  disappeared,  though  a  strong  ripple 
still  indicates  where  its  foundation  or  basis  remains,  though  year 
by  year  the  water  is  becoming  deeper.  The  Hector  of  Cornwall, 
Archdeacon  Patten,  who  kindly  drew  my  attention  to  this  fact» 
and  furnished  me  with  its  early  history,  says,  "  Within  my  recol- 
lection, the  water  was  shallower  over  it ;  and  when  I  first  came  to 
Cornwall  (now  24  years  ago),  rafts  of  timber  coming  down  the  St 
Lawrence  were  continually  grounded  upon  it,  whereas  now  it  is  a 
very  unusual  occurrence  for  one  to  be  grounded  there." 

Mr.  G.  Bamhast  says  the  ice  is  the  chief  cause  of  the  island's 
removal.  The  anchor-ice  accumulates  in  great  quantities  at  the 
foot  of  the  Long  Sault  rapids  at  St  Regis  Island,  at  the  western 
entrance  of  Lake  St  Francis,  in  the  smooth  water,  until  at  length 
it  forms  a  dam  across  the  whole  river,  which  in  consequenoe  sets 
back  until  the  rapids  above  become  smooth  water.  The  rivo: 
then  rises  until  it  at  times  reaches  20  or  25  feet,  inundating  the 
adjoining  elevated  Long  Sault  or  Cornwall  Canal,  until  immature 
icebergs  are  formed  of  floes ;  then  the  dam  gives  way,  and  the  water 
suddenly  subsides.  These  ice-accumulations  often  topple  over,  car- 
rying with  them  masses  of  earth  and  boulders  imbedded  in  them. 
By  such  masses  Crab  Island  was  gradually  carried  away  piecemeal 
Ajid  Mr.  Bamhast  states  that  he  remembers  one  large  rock  above 
water  that  was  at  length  tumbled  into  the  deep  water  below.  In 
like  manner,  from  the  rapids  above  his  house  on  Bamhasfs  Island, 
the  ice  has  brought  down  boulders  and  deposited  them  on  the  level 
space  before  his  house,  where  several  still  remain. 

The  upper  surface  of  the  islands  in  this  portion  of  the  St.  Law- 
rence is  Postpliocene  and  Boulder-drift,  lying  over  chalky  sand- 
stone strata  of  the  Lower  Silurian  (Trenton)  series.  Within  the 
precincts  of  the  town  of  Cornwall,  there  is  a  large  and  dense  accu- 
mulation of  marine  shells,  chiefly  Saxicava  vagosa^  Leda  porUandica, 
Mya  arenaria^  &c.,  which  still  exist  in  the  Gulf  of  St.  Lawence. 
But  this  deposit,  chiefly  in  sand,  is  at  least  700  feet  above  the 
level  of  the  sea.  And  Uie  burial-ground  of  the  parish  church,  with 
the  structure  (the  Bishop  Strachan  memorial  churdi),  is  situate  in 
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ne  midst  of  this  depoeit ;  and  from  every  new  grave  opened  there 
numbers  of  these  shellSy  and  more  especially  the  first  and  third 
named  above,  are  thrown  ont.  The  length  of  the  whole  Long  Sanlt 
Bapids,  from  Long  Sanlt  Island  to  two  miles  below  Cornwall  at  St 
Begis  Island  is  over  eighteen  miles. 


9»  On  the  Phtsics  of  Abctio  Ice,  as  Explanatory  of  the  Glacial 
RsMAiKS  in  Scotland.  By  Bob£BT  Brown,  of  Gampster,  M.A., 
Ph.D.,  F.B.G.S.,  &c. 

(Communioated  by  Profeasor  Banuay,  LL,D.,  F.B.a,  F.G.S.) 

CoimiiTS. 
Iniroduotion. 
I.  Glacier-system  of  Ghreenland. 

1.  The  Interior  loe-field. 

2.  The  DefluentB  of  the  Interior  loe-fleld. 

3.  The  Iceberg. 

4.  The  Subglacial  Stream. 

5.  The  Moraines. 

6.  Life  near  the  loe-Qord. 
n.  Action  of  Sea-ice. 

Conclusions  regarding  the  Bottom  of  Davis  Strait 
ni.  Rise  and  E&ll  of  the  Greenland  CkMst 

1.  Bise.  I         2.  FaU. 

rV.  Application  of  the  facts  regarding  Arctic  Ice-action  as  eiplanatory  of 
Glacial  and  other  Ice-remains  in  Britain. 

1.  The  sub- Azoic  Boulder-day. 

2.  The  Fossiliferoos  Brick-olays. 

3.  Oravel,  Kaimes,  Ac 

4.  Boulders. 

5.  life  in  the  Old  Waters. 

6.  Infercgioes  from  Facts  gitta. 
Conduaion. 

In  tonching  again  on  the  snhject  of  Arctic  ice-action  and  Glacial 
remains  in  Britain,  I  am  well  aware  that  I  am  risking  the  stirring 
np  of  a  hardly  subsided  degree  of  controversy  most  disquieting  to 
the  peace  of  mind  of  men  unwilling  to  enter  the  lists  of  combatants. 
Of  late  years,  however,  the  suhject  has  received  new  light  from  the 
hypothesis,  propounded  first,  I  believe,  by  Agassiz^  that  Scotland 
and  other  portions  of  the  north  of  Europe  were  at  one  time  covered 
with  an  icy  mantle,  and  that  it  is  to  this,  and  not  to  the  agency  of 
floating  ice,  that  the  glacial'  markings  and  remains  so  abundantly 
scattered  over  our  country  are  due.  More  recently  still,  this  theory, 
at  one  time  so  violently  opposed,  has  been  brought  into  almost 
universal  favour  by  the  publication  of  the  fact  that  Greenland  is  at 
this  day  exactly  in  the  condition  in  which  Agassiz,  reasoning  on 
observed  facts,  hypothetically  described  North  Britain  to  have  been. 
This  new  start  has  been  chiefly  due  to  the  writings  of  Dr.  Heinrich 

'  Edin.  New  PhiL  Joum.  vol.  zxziii.  p.  217;  Proc  Geol.  Soc.  vol.  iii.  p.  327. 
9  J  Q^  ^e  word  "  Glacial"  as  expressing  all  relating  to  ice,  on  sea  or  land ; 
while  the  word  gkder  is,  of  course,  used  in  the  ordinary  acceptation  of  the  term. 
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Bink,  of  Copenhagen  (formerly  one  of  Hub  natonduts  of  Ae  royal 
Banish  war-veeael  *  Galatea,'  in  her  yoyage  loond  tlie  world  under 
the  oommand  of  Admiral  Steen-Bille,  but,  until  recently,  and  for 
many  years  preyiooaly,  £oyal  Inapeotor  of  Soutii  Oreenland),  trans- 
lated in  the  <  Journal  of  the  Boyal  Geographical  Sodety '  \  though 
the  &ctB  were  known  long  previously  to  his  placing  ^em  before 
English  geographers  in  a  clear  light.  Aooordingly,  thanks  to  the 
labours  of  Smith  of  Jordanhiil',  Lyell*,  Chambers  ^  Milne-Home', 
Darwin*,  !Eleming%  Murchison*,  Peach*,  Jamieson'®,  Bamsay'S 
ThiJmas  Brown",  Croaskey",  Page",  McBain",  Howden",  Jolly'', 
Archibald  Geikie",  James  Geikie^',  and  many  other  geologists,  we  are 
in  possession  of  a  body  of  facts  which  enable  us  to  reason  on  the 
subject  with  a  degree  of  certainty  which  would  otherwise  haye  been 
impossible,  first,  then,  it  will  be  necessary  to  examine  in  a  concise 
manner  the  subject  of  the  present  glaciatiou  of  Greenland  and  other 
Arctic  countries,  and  ice-action  generally. 

PreYiously  to  doing  so,  I  may  say  that  I  have  enjoyed  oppor- 
tunities of  studying  ice-action  in  British  Columbia,  Washington 
Territory,  Oregon,  California,  &c.,  and  on  the  Western  and  Eastern 
shores  of  Dayis  Straits  and  Baffin's  Bay — ^that  I  have  voyaged  over 
the  seas  of  Spitzbergen  and  Greenland — ^that  I  have  passed  a  whole 

'  VoLxxiii  p.  145(1853);  Proo.  of  Soc.  vol.  vii  p.  76  (1863). 

'  Quart.  Joorn.  G«ol.  Soc.  toL  vi. ;  Memoin  of  the  Wernerian  Katiinl 
Hifltory  Society,  yol.  yiiL ;  and  *  Newer  Pliocene  QwHogj* 

'  Proo.  Geol.  SoctoJ.  iii.;  'Antiquity  of  Man;'  'EHementi*  and  'Prindplet,' 
Ao.  fto. 

^  *  Ancient  Sea  Marffina,'  and  Edin.  New  FhiL  Joarn.  1853  &  1855. 

'  '  Coal-aelda  of  Mid-Lothian; '  Trans.  Boy.  Soc.  Edin.  toI.  xri. :  ibid.  roL  xzr. 
1869.  Ac. 

*  Phil.  Trana.  1839. 

^  *  The  Geological  Ddnge,  as  interpreted  67  Buron  CuTier  and  Prof.  Bud[- 
land,  inoonastent  with  the  testimonj  of  Moees  and  the  Phenomena  of  Nature ; ' 
*  Lithdoflj  of  Edinbur^;  Ac 


ttogrotJtt 

'  Brit  Aaaoc.  Sep.  to),  xx.  ;  Proc  B.  G.  S.  vol.  vii. '  Buflsia  in  Entope,'  Ac  Af. 

"  Proceeding  of  the  Boyal  Physical  Society  Edin.  1861 ;  Edin.  New  Phil 
Joum.  n.  8.  YoT.  ii.  &c 

^^  Quart.  JFoum.  Geol.  Soc.  toIs.  xiy.  xri.  xriii.  zix.  and  xxir. 

^^  Quart  Jooni.  Geol.  Soa  toI.  xriii. ;  *  Ghuners  of  Wales,'  &e, 

'^  Trans.  Boy.  Soc.  Edin.  toL  xxir. 

^'  Trans.  Geol.  Soc  Glaseow,  toIs.  it  &  iii. 

'^  Various  systematic  publications,  &c 

"  Proc  Roy.  Phy*.  Soc.  Ediir.  1859-1862. 

"  Proc  Boy.  Kiys.  Soc.  and  Trans.  Geol.  Soc.  Edin.  vol.  i. 

"  Trans.  Geol.  Soc  Edin.  yol.  i. 

"  *  Scenery  of  Scotland;'  Edin.  New  PhiL  Joum.  1861 ;  Trans.  GeoL  Soc 
GlaKow,  rols.  i.  iii.  Ac 

^"  Trans.  Geol.  Soc  Glascow,  toI.  iiL  That  this  list  by  no  means  exhausts 
the  names  of  those  who  by  their  writings  have  advanced  the  subject  or  contains 
all  the  papers  of  those  mentioned,  is  self  evident  The  names  of  Bald,  Imrie, 
Hall,  MacCulloch.  Dick-Lauder,  Treyelyan,  J.  D.  and  E.  i^orbes,  Hibbert,  Max- 
well; Prestwieh,  Madaren,  Craig,  lAndsborough,  MadDensie,  Jas.  Thomsgn, 
Nic^l,  Gumming,  Cleghom,  Smith,  Miller,  Hopkins,  Bric^enden,  Bryce,  Martin, 
Hall,  Macintosh,  Murphy,  Lubbock,  the  Duke  of  Ai^ll,  and  Qthers  are  fioniliar 
as  haying  done  sood  service ;  but  I  have  only  referred  to  the  papers  whidi  have 
come  immediately  before  me. 
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summer  in  the  Daiush  posaesnoiis.m  Greenlandy  At  a  post  situated 
in  dose  proximity  to  the  great  ice-^ord  of  Jakobshavn,  one  of  the 
chief  sources  of  icehergs.in  Mid-GreeiilancU-and  that  with  my  eom- 
panions  (Messrs.  E.  Whympery  A<.  Tegnefr,  C.  Ql&wig,'and  J.  Ilcisoher, 
and  an  intelligent  Esbnnoi,  since  deady  named  Amak,  a  native  of 
Claushayn)  I  attempted  a  journey  over  this  great  interior  ice*-oap, 
travelling  on  foot  farther  than  any  of  .the  party.' .  I  may,  however, 
mention  that  in  1867  we  were,  not  far  ^noogh  north,  or  early  enough 
in  Davis  Straits,  to  see  any  thing  of  the  action  of  sea-^iee,  and  that, 
though  I  saw  the  f '  inland  ice  "  dose  at  hand  for  the  first  time  that 
year,  yet  I  added  nothing  to  the  knowledge  which  my  obseFvaticms 
during  a  much  more  extended  voyage  along  thd  northern  diores  of 
Qreenland.  and  the  Western. shores  of  Davis  Straits.  enaUed  me  to 
gain  as  early  as  1861.  AcooFdingly  matty  of  these  descriptions' are 
written  almost  verbatim  from  my  notes  of  that  date,  and  the  views 
I  now  enunciate  were  formed  at  that  period  also*  I  am^  in  addition, 
not  ignorant  of  the  remains  of  the  glacisl  peijod  in  Scandinavia  and 
Great  Britain,  as  well  as  in  Noiti^  America  and  other  countries. 
Though  the  facts  here  narrated  will,,  in  almost  eveiy  case,  be  wholly 
derived  from  my  own  observation,  I  wish  ii  to  be  'distinctly  under- 
stood that  1  do  not  present  them  ae  any  thing  new,  but  solely  86  the 
observations  and  condusions  of  an  independent  student  of  the  subject, 
and  as  therefore  of  some  value.  If  some  of  the  facts  here  relate  are 
already  familiar  to  the  reader  from  other  sources,  I  can  only  plead 
that  few,  if  any,  of  them  are  yet  sufficiently  well  understeod,  or  re- 
ceived into  the  commonwealth  of  knowledge  as  confirmed  facts^  not 
to  admit  of  being  repeatedly  described  by  independent  observers.   * 

I.    GlACISH-SYSTBM   of  GBlEBNLAin). 

Greenland,  if  Fetermann's  not  unreasonable  hypothesis  regazding 
its  connexion  with  Wrangell's  Land,  north  of  Behring's  Strait,  is  not 
to  be  received,  is  in  all  likelihood  a  large  wedge-shaped  island,  sur- 
rounded by  the  icy  polar  basin  on  its  northern  shores,  and  with 
Smith's  Sound,  Baffin's  Bay,  Davis  Straits,  and  the  Spitzbergen,  or 
Greenland  Sea  of  the  Dutch,  <<  the  old  Greenland  Sea"  of  the  English 
whalers,  completing  its  insularity  on  its  western  and  eastern  sides. 
The  whole  of  the  r^  de  fa^  land  of  this  great  island  consists,  tiien, 
of  a  cirdet  of  idets,  of  greater  or  less  extent,  circling  round  the 
coast,  and  acting  as  the  shores  of  a  great  interior  mer  de  glace — a 
huge  inland  sea  of  freshwater  ice,  or  glacier,  which  covers  the  whole 
extent  of  the  country  to  an  unknown  depth.  Beneath  this  icy  cover- 
ing must  lie  the  original  bare  ice-^covered  country,  ^t  a  much  lower 
devation  than  the  surrounding  cirdet  of  idands.  These  idands  are 
bare,  bleak,  and  more  or  less  mountainous,  reaching  to  about  2000 
feet ;  the  (mow  dears  off,  leaving  room  for  vegetation  to  burst  out 
during  the  short  Arctic  summer.  The  breadth  of  this  outskirting  land 
varies,  as  do  the  spaces  between  the  different  idands.  These  inlets 
between  the  idands  constitute  the  ^ords  of  Greenland,  and  are  the 
channels  through  which  the  overflow  of  the  interior  ice  dischai^ges  it- 
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sell  It  is  on  these  iBlands,  or  ontskirting  land,  that  the  population  of 
Greenland  liTes,  and  the  Danish  trading-posts  are  huilt— -all  the  rest 
of  the  country,  with  the  exception  of  this  island  drdety  being  an  icj^ 
landless,  sea-like  waste  of  glacier,  which  can  be  seen  here  and  there 
peeping  out  in  the  distance.  On  some  of  the  laige  and  more  moun- 
tainous islands,  as  might  be  expected  in  such  a  climate,  there  are 
small  independent  glaciers,  in  many  cases  coming  down  to  the  sea, 
and  there  discharging  icebergs ;  but  these  gladers  are  of  litde  im- 
portance and  have  no  connexion  with  the  great  internal  ice-cover- 
ing of  the  country.  I  have  called  the  land  circling  this  interior  ioe- 
desert  **  a  collection  of  islands,''  because,  though  many  of  them  are 
joined  together  by  glaciers,  and  only  a  few  are  wholly  insulated  by 
water,  many  of  them  (indeed,  the  majority)  are  bounded  on  their 
eastern  side  by  this  internal  inland  ice ;  ye^  whether  bounded  l^ 
water  or  by  ice,  the  boundary  is  perpetual,  and  whatever  be  the 
insulating  medium,  they  are  to  all  intents  and  purposes  islands. 

1 .  The  interior  lee-fidd. — ^This  is  well  known  to  the  Banes  in  Green- 
land by  the  name  of  the ''  inlands  iis ; "  and  though  a  familiar  subject 
of  talk  amongst  them  from  the  earliest  times^  it  is  only  a  very  few 
of  the  **  colonists  "  who  have  ever  reached  it.  The  natives  every- 
where have  a  great  horror  of  penetrating  into  the  interior,  not  oidy 
on  aooount  of  the  dangers  of  ioe-travd,  but  from  a  superstitioas 
notion  that  the  interior  is  inhabited  by  eril  spirits  in  the  shape  of  all 
sorts  of  monsters. 

Crossing  over  the  comparatively  narrow  strip  of  land,  the  traveller 
comes  to  this  great  inland  ice  (fig.  1,  a).  If  tiie  termination  of  it  is 
at  the  sea,  its  face  looks  like  a  great  ice  wall :  indeed  the  Eskimo  call 
it  the  SermiJc  soak^  which  means  this  exactly.  The  height  of  this 
icy  face  varies  according  to  the  depth  of  the  valley  or  ^ord  which  it 
fills.  If  the  valley  is  shallow  the  height  is  low,  if,  on  the  contrary, 
it  is  a  deep  glen,  then  the  sear-&ce  of  the  glacier  in  the  Qord  is  lo%. 
From  one  thousand  to  three  thousand  feet  is  not  uncommon.  In 
such  situations  the  face  is  always  steep,  because  bergs  are  continaally 
breaking  off  from  it ;  and  in  such  situations  it  is  not  only  dangerous 
to  approach  it,  on  account  of  the  ice  fiiDing,  or  the  wave  caused  by 
the  displacement  of  the  water,  but  from  the  great  steepness  of  the 
face  it  is  rarely  possible  to  get  on  to  it  in  such  situations  \  In  such 
places  Dr.  Rink  has  generally  found  that  it  rises  by  successive  ter- 
races to  the  general  level  plateau  beyond'.  However,  where  it  does 
not  reach  the  sea,  it  is  often  possible  to  climb  on  it  from  the  land  by 
a  gentle  slope,  or  even  in  some  cases  to  step  up  on  it  as  it  shelves 
up.  Once  fairly  on  the  inland  ice,  a  dreary  scene  meets  the  view. 
Far  as  the  eye  can  reach,  to  the  north  and  to  the  south  is  this  same 
great  ice-field,  the  only  thing  to  relieve  the  eye  being  the  wind- 

^  "  Literioribus  ob  plagam  gladalem  continuam  inhabitabilibos."  Fabridns, 
Fauna  GrctnlandicOj  ITS). 

'  The  "  great  glacier  "  of  Humboldt  is  merely  lach  an  exposed  glaoier-iaoe^ 
though  of  great  extent. 

'  Kane  calls  this  the  "  esoaladed  structure  **  of  the  Chneenland  glacier.  *  Arctic 
Explorations '  (American  ed.),  vol.  ii.  p.  28i. 
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iog  blaok  circnit  of  the  coast- 
line land  or  islands  before 
described,  here  and  there  in- 
Ringing  in  little  peninsulas 
on  the  ice,  there  the  ice  dove- 
tailing in  the  form  o^  a  glacier 
on  the  land,  and  now  and  then 
the  waters  of  a  deep  i^ord 
penetrating  into  the  ice-field, 
its  circuit  marked  by  the  black 
line  of  coast  surrounding  it  on 
either  side,  the  eastern  gene- 
rally being  the  ice-wall  of  the 
glacier,  the  western  being  the 
sea.  Travelling  a  short  dis- 
tance on  this  interior  ice,  it 
seems  as  if  we  were  travelling 
on  the  sea.  The  land  begins 
to  fade  away  behind  us  like 
the  shore  receding  as  we  sail 
out  to  sea ;  while  far  away  to 
the  eastward  nought  can  be 
seen  but  a  dim  clear  outline 
like  the  horizon  bounding  our 
view.  The  ice  rises  by  a  gen- 
tle slope,  the  gradient  being 
steeper  at  first,  but  gradually 
getting  almost  imperceptible  S 
though  real.  In  the  winter 
and  spring  this  ice-field  must 
be  covered  with  a  deep  blanket 
of  snow,  and  the  surface  must 
then  be  smooth  as  a  glassy 
lake  ;  but  in  the  summer,  by 
the  melting  of  the  snow,  it  is 
covered  with  pools  and  cours- 
ing streams  of  icy-cold  water, 
which  either  find  their  way 
over  the  edge,  or  tumble  with 
a  hoUow  sound  through  the 
deep  crevasses  in  the  ice.  How 
deep  these  crevasses  go,  it  is 
impossible  to  say,  as  we  could 

^  During  the  present  summer, 
between  the  19th  and  24th  July, 
Prof.  Nordenskjold  and  Hr.  Berg- 
grm  travelled  thirty  geographical 
miles  on  the  inland  ice.  The  point 
where  they  turned  back  was  about 
2000  feet  above  the  sea. 
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not  see -to  the  bottom  of  them,  nor  did  the  sonsding-cord  reach 
down  except  a  short  way.  The  d^th  oi  the  ice-oovermg  will  of 
course  vary ;  when  it  lies  over  a  valley  it  will  be  deeper^  over  a 
mountain-top  less.  All  we  know  is,  that  just  now  it  is  almost  level 
throughout,  hill  and  dale  making  no  difference.  However,  with  such 
a  huge  superincumbent  mass  of  ice,  the  average  height  of  the  coast- 
l3ning  islands  is  greater  than  that  of  the  inland  ice,  and  it  is  only  after 
dimbing  considerable  heights  that  it  can  be  seen\  Therefore  suppo- 
sing this  covering  to  be  removed,  I  think  the  country  w6nld  look  like 
a  huge  shallow  oblong  vessel  with  high  walls  around  it  The  surface 
of  the -ice  is  ridged  and  furrowed  after  the  manner  of  glacien  gene- 
ndly ;  and  this  furrowing  does  not  decrease  as  we  go  fcffther  inhmd ; 
on  the  contrary,  as  far  as  our  limited  means  of  observation  go,  it  seems 
to  increase ;  so  that  even  were  it  possible  to  cross  this  vast  icy  desert 
on  dog-sledges  when  the  snow  is  on  the  ground,  I  do  not  think  it 
would  be  possible  to  return,  and  its  exploration  would  require 
the  aid  of  a  ship  on  the  other  side.  On  its  surfiice  there  appears 
not  a  trace  of  any  living  thing ;  and  after  leaving  the  little  outpouring 
o£&hoot  of  a  glacier  from  it,  the  dreariness  of  the  scene  is  not  relieved 
by  even  the  sight  of  a  patch  of  earth,  a  «tone,  or  aught  belonging'to 
the  world  we  seem  to  have  left  behind.  Once,  and  only  once;  during 
our  attempt  to  explore  this  waste  did  I  see  a  faint  red  streak,  which 
showed  ^e  existence  of  the  red  snowpLsxktXPratoeoeous  nivalU) ;  but 
even  this  was  before  the  land  had  been  fiedrly  left.  Animal  life  seems 
to  have  left  the  vicinity;  and  the  chilUness  of  the 'afternoon  breeze, 
which  regularly  blew  with  piercing  bitterness  over  the  ice-wastes, 
even  caused  the  Eskimo  dogs  to  crouch  under  the  lee  of  the  sledge, 
and  made  us,  their  masters,  draw-  the  for  hoods  of  o^r  coats  higher 
about  our  ears  ^.  Whether  this  ice-field  is  continuous-  from  north  to 
south  it  is  not  possible  in  the  present  state  of  our  knowledge  to 
decide;  but  most  likely  it  is  so.  The  American  exi^or^Hayes*  pene- 
trated in  upon  it  in  Smith's  Sound,  with  the  same  results  that  we 
did  ill  mid  Greenland  and  off  Disco  Bay,  while  Kielsen^  ttkik,  and 
other  Danish  officers  have  seen  it  stretching  continuously  north  and 
south  from  where  they  observed  it  in  South  Greenland;  so  that 
every  fact  seems  to  bear  us  out  in  our  belief  that  no  transverse 
ranges  of.  mountains,  or  land  of  any  e!xtent,  break  the  latitudinal 
stretch  of  this  ''inland  ice."  Whether  its  longitudinal  range  is 
continuous  is  more  difficult  to  dedde,.  though  the  same  obeerv^v  we 
have  quoted  saw  nothing  to  the  eastward  to  break  <^eir  view ;  so 
that,  as  I  shall  immediately  discuss,  iiiere  seems  every  probabOity 
that  in  Greenland  there  is  one  continuous  unbroken  level  field  of  ice, 
swaddling  up  in  its  snowy  winding-sheet  hill  and  valiey,  witliout  a 

'  In  Kink's  '  Gronknd/  ii.  p.  2,  are  two  ofairaetoriatie  Ti^WB  of  ilie  appear- 
ance of  the -interior  ioe  seen  from  such  elerationB. 

^  For  description  of  the  effects  of  the  ioe  in  limiting  animal  and  ▼egetable  life 
vide  the  author's  "  Mammalian  Fauna  of  Greenland/'  Procw  Zool.  Soo.  liond. 
1868,  j>.  337 ;  and  "  Flonila  Disooana,"  Trans.  Bot  Soc.  £din.  vol.  ix.  p.  440. 

»  •  Open  Polar  Sea.' 

♦  RinVs  •  Oronland  Geographisk  og  Statistisk,'  part  iii.  (vol.  ii.)  pp.  97-99. 
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single  break  for  npwarda  of  twelve  hundred  miles'  of  latitude  and  an 
average  of  four  hundred  miles  of  longitude,  or  firom  Cape  Pare  well 
to  the  upper,  extremity. -of  Smith's  Sounds  and  from  the  west  coast  of 
Greenland  to  the  east  coast  of  the  same  country,  a  stretch  of  ice- 
coyered  country  infinitely  greater  .than  ever  was  demanded  hypothe- 
tically  by  Agassiz  in  support  of  his  glacier-theory. 

2.  The  Defluents  of  Ais  inland  ice-fidd, — ^Are  there  any  ranges  of 
mountains  from  the  slopes  of  which  this  great  interior  ice  descends  ? 
As  I  have  said,  we  are  not  in  a  position  to  decide;  but  the  probabilities 
are  in  favour  of  the  negative.  There  are  no  iceberg  "  streams''  on 
the  east  coast  of  Greenland ;  and  bergs  are  rare-  off  that  coast.^  If 
there  yrem  many  icebergs,  the  ifield  of  floe-ice  which  skirts  that  coast, 
and  which  has .  prevented  exploration  except,  in  very  open  seasons. 
Would  soon  be  broken  up  by.  the  foroe  with  which  the  bergs,  break- 
ing, off  ^m  the  land,  would  smash  through  the  ice-field  and,  acting 
aa  sailsy  help,  by  the  aid  of  the  winds,  as  elsewhere,  to  sweep  it 
away.  I  am  therefore  of  opinion  that  the  great  ice-field  slopes 
from  thq  east  to  the  west  .coast  of  Greenland,  and  that  any  bergs 
which  may  be  seen  on  that  coast  are  from  local  glaciers  or  from  some 
unimportant  defluent  of  the  great  interior  ice.  Nor  do  I  think  a 
range  of  mountains  at  ;all  necessary  for  the  formation  of  this  huge 
m^er  de  ghee;  for  this  is  an  idea  wholly  derived  from  the  Alpine  and 
other  mountain-ranges  where  the  glacier  system  is  a  petty  affair 
compared  with-  that  of  Greenland.  I  look  upon  Greenland  and  its 
interior  ice-field  in  the  light  of  a  broad-*lipped  shallow  vessel,  but 
with  chioks  in  the  lips  here  and;  here,  and  the  glacier,  like  viscous 
matter^  in  it.  As  more  is. poured  in,  the  viscous  matter  will  run 
over  the  edges,  naturally  taking  the.  line  of  the  chinks  as  its  line  of 
outflow.  The  broad  lips  of  the  vessel  in  my  homely  simile  are 
the  outlying  islands  or  <' outskirts ; "  the  viscous  matter  in  the 
vessel  the  inland  ice,  the  additional  matter  continually  being  poured 
in  in  the  form  of  the  enormous  snow  covering,  which,  winter  after 
winter,  for  seven  or  eight  months  in  the  year,  falls  almost  continu- 
ously on  it ;  the  chinks  are  the  fjords  or  valleys  down  which  the 
glaciers,  representing  the  outflowing  viscous  matter,  empty  the  sur- 
plus of  the  vessel.  In  other  words,  the  ice  flows  out  in  glaciers, 
overflows  the  land  in  fact,  down  the  vaUeys  and  Qords  of  Greenland, 
by  force  of  the  superincumbent  we^ht  of  snow,  just  as  does  the 
grain  on  the  floor  of  a  bam  (as  admirably  described  by  Mr.  Jamieson) 
when  another  sackful  is  emptied  on  the  top  of  the  mound  already 
on  the  floor.  "  The  floor  is  flat,  and  therefore  does  not  conduct  the 
grain  in  any  direction ;  the  outward  motion  is  due  to  the  pressure 
of  the  particles  of  grain  on  one  another ;  and,  given  a  floor  of  infinite 
extension,  and  a  pUe  of  sufficient  amount,  the  mass  would  move  out- 

'  Rink,  Joum.  B.  G.  S.  /.  c,^  Bays  800  miles ;  but  throughout  bis  Taluable  work 
he  only  speaks  of  the  Danish  portion  of  Ghneenland,  of  which  it  professes  soldy 
to  he  a  description.  Jamieson  and  other  writers  seem  to  think  that  it  is.  only 
North  Ghreenmnd  that  is  covered.  All  the  country,  north. and  south,  is  equally 
swathed  in  ioe. 

^  While,  for  the  sake  of  illustration,  speakinj^  of  ioe  as  '  -nsoous  matter,'  I  must 
not  be  understood  as  giving  support  to  the  '  viscous  theory'  of  glacier  motion. 
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ward  to  any  diatanoe;  and  with  a  very  slight  pitch  or  slope  it  would 
alide  forward  along  the  indine."  To  this  let  me  add  that  if  the  floor 
on  the  maigin  of  the  heap  of  grain  was  undolatingy  the  Btream  of 
grun  would  take  the  course  of  such  undulations.  Ilie  want,  tiiere- 
fore,  of  much  slope  in  a  country,  and  the  absence  of  any  great  moun- 
tain-range, are  of  very  little  moment "  to  the  moTcment  of  land-Ice, 
provided  we  have  snow  enough  "  \ 

As  the  ice  reaches  tiie  coast  it  naturally  takes  the  lowest  le^eL 
Accordingly  it  there  forks  ont  into  glaciers  or  ioe-riTen,  by  which 
means  the  overflow  of  this  great  ice-lake  is  sent  off  to  the  sea.  The 
length  and  breadth  of  these  glaciers  varies  according  to  the  breadtii 
or'  length  of  the  interspace  between  the  islands  down  which  it 
flows*.  If  the  land  projects  a  considerable  way  into  the  great  ice- 
lake,  then  the  glacier  is  a  long  one ;  if  the  contrary  is  the  case,  then 
it  is  hardly  distinguished  from  the  great  interior  ice-field,  and,  as  in 
the  case  of  the  great  glacier  of  Humboldt  in  Smith's  Sound,  the  inte- 
rior ice  may  be  said  to  discharge  itself  almost  without  a  glacier. 
The  face  of  Humboldfs  glacier  is  in  breadth  about  sixty  miles. 
This,  therefore,  I  take  to  be  the  interspace  between  the  nearest  ele- 
vated skirting  land  on  either  side.  It  ^us  appears  that,  between  the 
inland  ice  and  the  Racier,  the  difference  is  one  solely  of  degree,  not 
of  kind,  though,  for  the  Mke  of  deamess  of  description,  a  nominal 
distinction  has  been  drawn.  The  glacier,  as  I  have  said,  will  usu- 
ally flow  to  the  lowest  elevation.  Accordingly  it  may  take  a  valley 
and  gradually  advance  until  it  reaches  the  sea.  In  the  course  of 
ages  this  valley  will  be  grooved  down  until  it  deepens  to  the 
sea-level.  The  sea  will  then  enter  it,  and  the  glacier-bed  of  former 
times  wiU  become  one  of  those  i^ords  which  indent  the  coast  of 
Greenland  and  other  northern  countries  often  for  many  miles;  or 
these  may  be  much  more  speedily  produced  by  depression  of  the 
land,  such  as  I  shall  show  is  at  present  going  on.  By  force  of  the 
sea  the  glacier  proper  will  then  be  limited  to  the  land,  and  its 
old  bed  become  a  deep  inlet  of  the  sea,  hollowed  out  and  grooved 
by  the  icebergs  which  pass  outwards,  until  in  the  course  of  time,  by 
the  action  of  a  force  which  I  shall  presently  describe  (§  4),  the 
Qords  get  filled  up  and  choked  again  with  icebergs,  in  all  probability 
again  to  become  the  bed  of  some  future  glacier  stream'.  Where 
there  is  no  igord  at  hand,  or  where  these  defluents  are  not  sufficient 
to  draw  off  the  surplus  supply  of  ice,  the  "  inland  ice  "  will  "boil " 
over  the  diflGs,  overflowing  its  basin,  and  appear  as  hanging  gLaciers, 
whence  every  now  and    again  huge  masses  of  ice  (^e  aeiial 

»  Quart.  Journ-  Geol.  Soc.  xriv.  1865,  p.  166. 

*  Properly  speaking,  aooording  to  the  ordinaiy  nomendature,  the  whole  of 
the  ioe,  nom  the  "  n^v^  "  downwards,  should  be  called  "  glacier ;  '*  but  as  we  bare 
not  yet  penetrated  sufficiently  &r  into  the  interior  to  obmrre  where  the  *'  n^^  " 
ends  and  the  "  glacier  "  begins,  I  have  for  the  sake  of  distinctness  adopted  the 
above  arbitrary  nomenclature. 

'  The  origin  of  Qords  is  more  fully  developed  in  a  memoir  by  the  author  on 
**  The  formation  of  Pjords^  Canons,  Benches,  &a,"  in  Proc.  ftoy.  Qeog.  Sooi 
vol.  xiv.  1869 ;  Journal,  vol.  xxxix. ;  and  in  his  "  Das  Innere  dm*  Vancouver 
Insel,"  Petermann's  *  Ge<)graphische  Mittheilungen,'  1869,  pp.  94,  96. 
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equivalent  of  the  bergs)  are  detached^  as  the  attraction  of  gravity 
overcomes  the  cohesiveness  of  the  ice.  These  have  been  seen  and 
described  by  Br.  Kane  on  many  parts  of  the  Arctic  coast.  I  noticed 
them  in  the  shape  of  ''miniatnre  glaciers  between  the  cliffs"  (Trans. 
Bot  Soc.  ix.  13)  at  Sakkak,  lat.  70^  0'  28"  N.,  and  on  the  Way- 
gatz  shore  of  Disco  Island.  In  this  latter  locality  they  were  the 
overflow  of  the  inland  ice  of  the  island.  They  are  also  seen  in  the 
little  local  glaciers,  where  the  bed  they  move  in  is  shallow,  and 
the  seaward  or  outward  end  high,  as  near  Omenak,  where,  however, 
I  did  not  see  them,  bnt  dopend  for  my  information  on  intelligent 
Banish  officers  resident  in  that  section.  In  Alpine  regions  away 
from  the  coast,  the  glacier,  as  it  pushes  its  way  down  into  warmer 
regions,  either  advances  or  retreats  according  to  the  heat  of  the 
summer;  but  in  either  case  it  gives  off  no  great  masses  of  ice  from 
its  inferior  extremity.  The  same  is  true  of  the  Arctic  glacier  when 
it  protrudes  into  some  mossy  valley  without  reaching  the  sea ;  but 
when  it  reaches  the  sea  another  force  comes  into  operation.  We 
have  seen  (1)  the  inland  ice-field  emptied  by  (2)  the  glacier ;  we 
now  see  the  glacier  relieving  itself  by  means  of  (3)  the  iceberg  or 
**  ice  mountain,"  as  the  word  means. 

3.  Ths  Iceberg. — ^When  the  glacier  reaches  the  sea  (fig.  1,  e)  it 
grooves  its  way  along  the  bottom  under  the  water  for  a  considerable 
distance ;  lindeed  it  might  do  so  for  a  long  way  did  not  the  buoyant 
action  of  the  sea  stop  it.  For  instance,  in  one  locality  in  South  Green- 
land, in  about  62^32'  N.  lat,  between  Fredrikshaab  and  Eiskernffisset, 
or  a  little  north  of  the  Estimo  fishing-station  of  Avigait,  and  south 
of  another  village  called  Tekkisok,  is  a  remarkable  instance  of  this. 
Here  the  ^<  lisblink,"  or  the  "  ice  glance,"  of  the  Banes  (i.  e.  the 
projecting  glacier — ^though  English  seamen  use  the  word  iceblink  in 
a  totally  Afferent  sense,  meaning  thereby  the  "  loom  **  of  ice  at  a 
distance),  projects  bodily  out  to  sea  for  more  than  a  mile.  The 
bottom  appears  to  be  so  shallow  that  the  sea  has  no  effect  in  raising 
it  up ;  and  the  breadth  of  the  glacier  itself  is  so  considerable  as  to 
form  a  stout  breakwater  to  the  force  of  the  waves.  It  was  long 
supposed  that  the  iceberg  broke  off  from  the  glacier  by  the  mere 
force  of  gravity ;  this  is  not  so.  It  is  forced  off  from  the  parent 
glacier  hy  the  buoyant  action  of  the  sea  from  beneath.  The  ice 
groans  and  creaks ;  then  there  is  a  crashing,  then  a  roar  like  the 
discharge  of  a  park  of  artillery ;  and  with  a  monstrous  regurgitation 
of  waves,  felt  far  from  the  scene  of  disturbance,  the  iceberg  is 
launched  into  life.  The  breeze  which  blows  out  from  the  l^d, 
generally  for  several  hours  every  day,  seems,  according  to  my  ob- 
servation, to  have  the  effect  of  blowing  the  bergs  out  to  sea ;  and 
then  they  may  be  seen  sailing  majestically  along  in  long  lines  out 
of  the  ice-Qords.  Often,  however,  isolated  bergs  or  groups  of 
bergs  will  float  away  south  or  north.  Bergs  from  the  ice-streams 
of  Baffin's  Bay  will  be  found  in  the  southern  reaches  of  Bavis 
Straits,  while  others,  bearing  debris  which  could  only  have  been 
aooumulated  in  South  Greenknd,  wiU  be  found  frozen  in  the  floes 
of  Melville  Bay,  or  Lancaster  Sound.  It  is  a  common  mistake^ 
vol.  zxvi.^PAB!r  I.  3  n 
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but  one  whioh  a  moment's  reflection  woold  BnreLy  dissipate,  ti^at 
bergs  found  in  the  south  must  all  have  come  from  the  north,  and 
that  those  further  north  must  have  come  from  the  regions  still 
f  irther  northward.  The  winds  and  the  currents  waft  them  hither 
and  thither,  until  by  the  feroe  of  the  waves  they  break  into  frragments 
and  become  undistinguishable  frx)m  the  oozy  fragments  of  floes  around 
them.  Often,  howerer,  they  will  ground  either  in  i^e  Igord  or  outside 
of  it,  and  in  this  position  remain  for  months,  and  even  years,  only  to 
be  removed  by  pieces  calving  or  breaking  off  from  them,  and  tiius 
lightening  them,  or  forced  off  the  bank  where  they  have  touched 
bottom  by  the  force  of  the  displaced  wave  caused  by  the  breakmg 
off  of  a  fresh  berg.  Ice  much  exposed  to  the  sea  only  breaks  off  in 
small  ice-K»lves,  but  not  in  beigs.  This  calving  will  sometimes  set 
the  sea  in  motion  as  much  as  sixteen  miles  off.  The  odour  of  the 
berg  is,  of  course,  that  of  the  glacier ;  but  by  the  continuous  beating 
of  the  waves  on  it  the  surface  gets  glistening.  The  colour  of  the 
mass  is  a  dead  white,  like  hiud^pressed  snow,  which  in  reality 
it  iS)  while  scattered  through  it  are  lines  of  blue.  These  lines  are 
also  seen  in  the  glacier  on  looking  down  into  the  crevasses,  or  at 
the  glacier^&ce,  and  are  in  all  probability  caused  by  the  annual 
melting  and  frneiing  of  the  surfiGhce-water  of  the  gladiert  Then 
another  fall  of  snow  comes  in  the  winter ;  then  the  suns  of  summer 
melt  the  surfiioe  to  some  slight  extent ;  this  freeces,  forming  an  ios 
different  in  colour  from  the  compressed  snow-ice  of  the  grader,  and 
so  on.  I  am  iiware,  however,  that  this  is  a  subject  of  oontrovefay  ( 
and  this  view  of  mine  is  only  brought  forward  as  a  probable  expla* 
nation,  suggested  to  me  as  far  back  as  1861,  when  I  flrst  saw  g^ 
ders  in  the  upper  reaches  of  Baffin's  Bay  and  on  the  western  shores 
of  Batis  Strait,  and  long  before  I  was  aware  tiiat  this  streaiced  or 
Yeined  character  of  glader-ice  had  been  a  subject  of  dispute. 

The  greater  portion  of  these  bergs  form  long  **  streams"  opponte 
their  '<  ice-Qords,"  these  streams  being  constantiy  reinforced  by  fresh 
additions  from  the  land,  poured  out  from  the  Qord.  Hence  certain 
localities  in  Greenland  are  distinguished  by  their  **  ice-streams,* 
these  localities  being  invariably  opposite  the  mouths  of  ice-Qorda, 
or  Qords  witR  great  glaciers  at  their  landward  end  pouring  out  ioe* 
bergs.  Few,  if  any,  as  I  have  already  stated,  are  found  on  the  east 
coast ;  but  on  the  west  (or  Davis  Strait  and  Baffin's  Bay  side,  from 
south  to  north,  in  the  Banish  possessions)  the  following  localities, 
diiefly  known  by  their  native  names,  are  situated: — 

o      t 

1.  Sermilik  iee-l^ord  and  ice-stream  in  about  N.  lat  60  30 

2.  Sermeliarsuk „  61 32 

3.  Narsalik    „  61 57 

4.  Godthaab „  64  30 

6.  Jakobshavn   „  69 12 

6.  ToBsukatek    „  69  48 

7.  Great  Kariak    „  70  26 

a  little Kariak    „  7036 

O.Seimelik  „  7041 
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10.  Itmiawuk in  aboutN.lat.  70  52 

11.  Innerit „  70  66 

12.  Oreat  Kangerdlursoak „  il  25 

13.  Upemivik     „  72  67^ 

We  have  now  sketched  the  ice-field  with  the  glacier  and  the  iceberg. 
Are  there  no  other  defluents  of  the  **  inland  ice"?  This  leads  ns  to 
speak  of : — 

4.  The  Subglacial  Stream, — What  is  under  the  inland  ice  is^  t 
fear,  a  question  we  shall  never  be  able  to  answer.  No  doubt  the 
country  is  undulating ;  for,  I  beHeve,  this  immense  glaciation  over- 
spread the  country  after  the  dose  of  the  Tertiary  period^  perhaps 
about  the  same  period  when  Scotland  lay  under  the  ice  cap.  Conti- 
nuously grinding  over  these  rocks^  a  creamy  mud  must  be  formed^ 
which  mud  must  now  be  of  considerable  thickness  if  not  swept  into 
hollows  or  washed  out  from  beneath  the  ice«  In  the  Alps  the 
glacier  is  said  to  wear  for  itself  a  muddy  bed,  which  Agassiz '  caUtt 
la  eoueihe  de  houe  or  la  houe  gladaire,  and  other  authors  la  morain6 
profonde  (fig.  1,  h) ;  so  that^  I  think,  there  can  be  little  doubt  that 
the  Greenland  biland  ice  has  triturated  down  a  similar  clayey  bed^ 
However,  another  instrument  in  the  arrangement  and,  if  I  may 
use  the  term,  <<  utilization"  of  this  mud,  this  maraine  profimdep 
comes  into  play.  Bink '  has  calculated  the  yearly  amount  of  pre-* 
eipitation  in  Greenland  in  the  form  of  snow  and  rain  at  12  indies^ 
and  that  of  the  outpour  of  ice  by  its  gladers  at  2  inches.  He  con** 
siders  that  only  a  small  part  of  the  remaining  10  inches  is  disposed 
of  by  evaporation,  and  that  the  remainder  must  be  carried  to  the 
sea  in  the  form  of  subgladal  rivers.  These  subglacial  rivers  are 
familiar  in  all.  alpine  countries,  and  in  Greenland  pour  out  from  be** 
neath  the  glacier,  whether  it  lies  at  the  sea  or  in  a  valley,  and  in 
summer  and  winter.  He  also  mentions  a  lake  adjacent  to  the  out- 
fall of  a  glacier  into  the  sea,  which  has  an  irregularly  intermittent 
rise  and  fall.  "  Whenever  it  rises,  the  glader-river  disappears ) 
but  when  it  sinks,  the  spring  bursts  out  afresh," — showing,  as  ho 
thinks,  a  direct  connexion  between  the  two.  Arguing  from  what 
has  been  observed  in  the  Alps,  he  concludes  that  an  amount  of 
glacier-water  equivalent  to  10  inches  of  precipitation  on  the  whole 
surface  of  Greenland  is  not  an  extravagant  hypothesis ;  and  he  ac- 
counts for  its  presence  partiy  by  the  transmission  of  terrestrial  heat 
to  the  lowest  layer  of  ice,  and  partiy  by  the  fact  that  the  summer 
heats  are  conveyed  into  the  body  of  the  glacier,  while  the  winter 
cold  never  reaches  it.  The  heat  melts  the  surfaccHBuow  into  water^ 
which  percolates  the  ice,  while  the  cold  penetrates  a  very  incon- 
siderable portion  of  the  glacier,  whose  thi(^ess  exceeds  2000  feet« 
As  in  the  alpine  glaciers,  these  subglacial  rivers  are  thickly  loaded 

'  Bink :  Om  den  geographiake  beakafibnhir  af  den  Danske  HandelB  distrioteri 
i  Nord  Grdnland  (Afsfarf.  af  Vidensk.  Selskab.  Skr.  6  B-d  s),  e/  /«&.  eit, 

^  Etudes  sur  lea  Glaciers  et  Svsteme  Glaciaire,  p.  674. 

*  Naturhistorisk  Tidsskrift,  drd  series,  voL  I  part  2  (1862),  and  Ptoe*  Boy. 
Geogr.  Soc.  vii.  76. 
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with  mud  from  the  grinding  o.f  the  glacier  on  the  infrajaoent  rocks— 
in  fact,  from  the  washings  of  the  moraine  profonde.  This  stream 
flows  in  a  torrent  the  whole  year  round,  and  in  every  case  which 
I  know  of  (in  the  Arctic  Begions)  reaches  the  sea  eventually, 
though,  no  doubt,  parting  on  the  way  with  some  small  amount  of  its 
suspended  mud.  After  it  reaches  the  sea  it  discolours  the  water  for 
mileB,  finally  depositing  on  the  bottom  a  thick  coating  of  impalpabk 
powder.  When  this  falls  in  the  open  sea  it  may  be  scattered  over 
a  considerable  space ;  but  when  (as  in  most  cases)  it  falls  in  nar- 
row long  i^ords,  it  collects  at  the  bottom,  shoaling  up  these  inlets 
for  several  miles  from  their  heads,  until,  in  the  course  of  time,  the 
^ord  gets  wholly  choked  up,  and  the  glacier  seeks  another  outlet 
or  gets  choked  up  with  bergs,  which  slowly  plough  their  way  through 
the  deep  banks  of  day,  until  they  get  so  consolidated  together  as  to 
shut  off  the  land  altogether  ^  Supposing  that  the  deposit  only 
reaches  3  inches  in  the  year,  there  is  a  bank  or.  fiat  25  feet  thick 
formed  in  the  course  of  a  century.  However,  any  one  who  has  seen 
these  muddy  sub-ghicier  streams,  and  the  way  in  which  they  deposit 
i^eir  mud,  must  be  convinced  that  this  estimate  is  fax  below  the 
mark,  and  that  an  important  geological  deposit,  which  has  never 
been  rightly  accounted  for  (if  even  noticed,  as  fiur  as  my  observation 
goes),  is  forming  off  the  coast  of  Greenland  and  wherever  its  great 
glaciers  protrude  into  the  deep  quiet  Qords.  It  ought  also  to  be 
noticed  that  the  igords  which  have  been  the  scenes  of  old  ice- 
streams,  in  almost  every  instance  end  in  a  valley  at  the  head,  this 
valley  being  due,^rs<,  to  the  glacier  which  reclined  on  it  and  hollowed 
it  out,  and,  secondly  and  fur&er  down,  to  the  filling  up  of  it  by  the 
glacier-day.  This  form  of  fjord  is  not  only  common  in  Greenland, 
but  also  in  every  other  part  dT  the  world  where  I  have  studied  their 
form  and  formation. 

After  carefdlly  examining  and  studying  this  clay,  /  can  find  no 
appreeioMe  difference  between  it  and  the  bnek-day,  or  fossUifermtg 
Boulder-<ilay.  Mr.  Milne  Home  ^  among  other  arguments  against 
the  theory  ^at  Boulder-day  has  been  formed  by  land-ice,  remarks 
that  he  saw  nothing  forming  in  Switserland  at  all  comparable  to 
Boulder-day.  Eeserving  to  oursdves  a  doubt  on  that  subject^  I  can 
only  say  that  long  after  my  opinion  regarding  the  identical  cha- 
racter of  the  subgladal-stream  day  and  the  fossiliferous  brick-day 
was  formed,  a  very  illustrious  Scandinavian  Arctic  explorer  visited 
Edinburgh,  and  dedared,  as  soon  as  he  saw  the  sections  of  Boulder- 
day  exhibited  near  that  city,  that  this  was  the  very  substance  he 
saw  forming  in  the  Spitzbergen  ice-^ords.  Many  theoretical 
writers,  however,  confound  the  ordinary  non-stratified  azoic  day, 
and  the  finer,  stratified  fossiliferous  day. 

In  this  clayey  bed  the  Arctic  MoUusca  and  other  marine  animals 
find  a  congenial  home,  and  burrow  into  it  in  great  numbers.    How- 

*  I  am  glad  to  find  that)  iadependetitly.  this  identiod  view  is  held  hj  Mr. 
J.  W.  Tajler,  who  resided  for  aeveral  years  in  Greenland,  Froo.  Boj.  Geoff r.  Soo. 
vol.  T.  p.  90  (1861).  ^      --» 

*  Trans.  Boy.  Soc.  £din.  yol.  xxr.  p.  6G1. 
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ever,  as  new  deposits  are  thrown  down,  they  keep  near  the  surfaoej 
to  be  able  to  get  their  food ;  so  that,  if  to-day  a  catastrophe  were 
to  overwhehn  the  whole  marine  life  of  the  Arctic  regions,  it  would 
be  found  (supposing  by  upheaval  or  otherwise  we  were  able  to 
Terify  the  fact)  that  the  animals  would  only  be  imbedded  in  the 
upper  strata  of  clay,  and  that  the  bottom  one,  with  the  exception 
of  a  few  dead  shells,  would  be  azoic ;  yet  I  needjnot  say  how  erro- 
neously we  should  argue  if,  from  this,  we  drew  the  inference  that, 
at  the  time  the  bottom  layers  or  strata  of  this  lajninated  clay  were 
formed,  there  was  no  life  in  the  Arctic  waters,  or  that  they  were 
formed  under  circimistances  which  prevented  their  being  fossiliferous. 
The  bearing  of  this  on  the  subject  in  question  need  scarcely  be 
pointed  out.  It  ought  to  be  noted  that,  supposing  we  were  able  to 
examine  the  bottom  of  the  Arctic  sea  (Davis  Straits,  for  instance), 
it  would  be  found  that  this  clayey  deposit  would  not  be  found  over 
the  whole  surface  of  it,  but  only  over  patches.  Eor  instance,  all  of 
the  ice-^ords  would  be  found  full  of  it  to  the  depth  of  many  feet, 
shoaling  oiF  at  the  seaward  ends ;  and  certain  other  places  on  the 
coast  would  be  also  covered  with  it ;  but  the  middle  and  mouth  of 
Davis  Straits  and  Baffin's  Bay,  and  the  wide  intervals  between  the 
different  ice-iQords,  would  either  bo  bare  or  but  slightly  covered 
with  small  patches  from  local  glaciers  ;  yet  we  should  reason  most 
grievously  in  error,  did  we  conclude  therefrom  that  the  other 
portions  of  the  bottom,  covered  with  sand,  gravel,  or  black  mud, 
were  laid  down  at  a  different  period  from  the  other,  or  under  other 
different  conditions  than  geographical  position.  These  ice-rivers 
seem,  in  the  first  place,  to  have  taken  their  direction  according  to 
the  nature  of  the  countiy  over  which  the  inland  ice  lies,  and  latterly 
according  to  the  course  of  the  glaciers.  No  doubt  they  branch 
over  the  whole  country  like  a  regular  river-system  \  When  the 
glacier  reaches  the  sea,  the  stream  flows  out  under  the  water,  and^ 

1  It  may  be  somewhat  superfluous  for  me  to  say  that  these  subglacial  streams 
are  totally  different  in  nature  from  the  streams  which  flowed  in  the  old  water- 
ooarses  found  under  the  drift  in  various  parts  of  the  world.  These  were 
the  beds  of  the  preglacial  rivers,  and  are  known  to  miners  as  "  sand-dykes,** 
'*  washoutfs*'  &c  On  the  North  Pacific  slope  of  the  Kooky  Mountains  they  are 
very  common,  and  are  eagerly  sought  for  by  the  gold-miners,  the  *'  old  beds  " 
generally  yielding  a  considerable  amount  of  gold.  In  California,  so  thorouefaly 
have  they  been  explored  by  the  gold-digja^ers  that,  if  proper  records  had  been 
kept,  a  map  of  the  preglacial  rivers  might  now  be  drawn,  almost  as  detailed  as 
that  of  the  postglacial  or  present  river-system.  The-  courses  of  these  ancient 
rivers  appear  to  have  been  generally  in  the  same  direction,  and  to  have  had 
their  outlets  in  the  valleys  near  about  the  same  j^laoes  as  the  present  rivers. 
Sometimes  these  channels  seem  to  cross  nearly  at  Tight  angles.  The  old  Yuba 
channel,  for  instance,  when  its  course  was  interrupted  and  mverted,  ran  through 
the  site  of  the  present  village  of  "  Timbuotoo,"  crossing  the  bed  of  the  present 
river  at  Park's  !Bar;  thence  running  in  a  north-westerly  course,  and  falling  into 
the  Bio  de  las  Plumas  (Feather  Biver),  near  Oroville,  a  considerable  distance 
from  its  present  junction  with  that  river  at  Mary'srille.  These  old  channels 
exhibit  the  same  windings  and  precipitous  falls  as  the  present  river ;  and  they 
have  been  cut  in  various  places  b^  canons  and  ravines ;  and  portions  of  the  older 
deposit,  carried  down,  mmgle  with  the  loose  gravel  and  sand  detached  by  more 
recent  aqueous  action. 
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owing  io  the  imaller  speoiflc  gravity  iof  the  fireeh  water,  riies  to  the 
•vffwse,  as  Dr.  Bank  detGribes,  ^like  springs ''—4;hoiig^  I  do  not 
lappoee  thai  he  considers  (as  some  have  supposed  him  to  do)  that 
that  water  was  in  reality  spring-water,  iff  of  the  nature  of  springs. 
Here  are  generally  swarms  of  Entomostraoa  and  other  marine 
animals,  whieh  attract  flights  of  galls,  which  are  ever  noisily  fig^^ 
iag  for  their  food  in  the  yicinity  of  such  places. 

We  li?ed  for  the  greater  portion  of  a  whole  summer  at  JakdbshaTn,  a 
Uttib  Banish  post,  69^  13'N.,  dose  to  which  is  the  great  Jakobshavn 
iee**Qord,  which  annually  pours  an  immense  quantity  of  icebergs  into 
Pisco  Bay.  In  Giesecke's  time^  this  inlet  was  quite  open  for  boats ; 
and  Nunatak  (a  word  meaniog  a  *^  land  surrounded  by  ice ")  was 
once  an  Eskimo  settlement.  There  is  an  old  man  (Manyus)  living 
at  Jakobshavn  whose  grandfather  lived  there.  The  Tessiusak,  an 
inlet  of  Jakobshavn  ice-Qord,  could  then  be  entered  by  boats. 
Now-Srdays  Jakobshavn  ice-^oid  is  so  choked  up  by  bergs  that  it  is 
impossible  to  go  up  in  boats,  and  such  a  thing  is  never  thought  of. 
The  Tessiusak  must  be  reached  by  a  laborious  journey  over  land ; 
and  Nunatak  is  now  only  an  island  surrounded  by  the  inland  ice,  at 
a  distanoe— a  place  where  no  man  lives,  or  has,  in  the  memory  of 
any  one  now  living,  reached.  I  believe  that  this  has  been  mainly 
owing  to  the  inlet  having  got  shoaled  by  the  deposit  of  glacier-clay 
through  the  rivers  already  described.  I  have  little  doubt  that, 
Qraah's  dietum'  to  the  contrary  notwithstanding,  a  great  inlet  once 
stretched  across  Greenland  at  this  place,  as  represented  on  the  old 
maps,  but  that  it  also  has  now  got  choked  up  with  consolidated 
beigs.  In  former  times  the  natives  used  to  describe  pieces  of  tim* 
ber  drifting  out  of  this  inlet,  and  even  tell  of  people  coming  across ; 
and  stories  yet  linger  among  them  of  the  former  occurrence  of  such 
proofs  of  the  openness  of  the  inlet.  All  that  we  know  is,  that  auch 
^  transcontinental  passage,  if  ever  it  existed,  is  now  shut  up.  The 
glacier  and  the  ic^etream  have  not  changed  their  course,  though, 
if  the  shoaling  of  the  inlet'  goes  on  (and  if  the  glacier  continues  at 
its  head,  nothing  is  more  certain),  then  it  is  just  possible  that  the 
friction  of  the  bottom  of  the  inlet  may  overcome  the  force  of  the 
glacier,  and  that  the  ice  may  seek  another  course.  M  the  neigh- 
bourhood is  high  and  rocky,  this  is  hardly  possible  with  the  present 
contour  of  the  land.  At  the  present  day,  the  whole  neighbourhood 
of  the  mouth  of  the  glacier  is  full  of  bergs,  and  often  we  should  be 
astonished  on  some  quiet  sunshiny  day,  without  a  breath  of  wind  in 
the  bay,  to  see  the  <'  ice  shooting  out "  (as  the  local  phrase  is)  from 
the  ice-^ord,  and  to  wake  up  with  the  little  bay  in  front  of  our  door 
in  Jakobshavn  Kirke  covered  with  huge  icebergs,  so  that  we  had  to 
put  off  our  excursion  to  the  other  side  of  the  inlet ;  and  the  natives 
would  stand  hungry  on  the  shore,  as  nobody  would  dare  put  off  in 
his  kayak  to  kill  sepals,  afraid  of  tiie  falling  of  the  bergs.    In  a  few 

^  *'  Greenland,"  Brewster's  Bnc^olop./imd  App.  to  SooreBby's  Greenland  Voyage. 
.     >  Beiee  til  Oskysten  af  GronUuid,  1832,  and  transl.  1837. 

3  Them  inlets  are,  in  fact,  tiie  "  friths  "  of  theee  ioe-rivers.  Indeed  the  tetin 
is  actually  used  by  some  suthora 
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boon  the  buy  would  be  deary  until  another  cirop  Bpvaag  out  from 
the  ^ord.  At  any  time  it  would  be  dangerous  to  yentare  near  these 
bfiigB  i  and  the  poor  Greenlander  often  loaefi  bia  life  in  the  attraapt, 
aa  the  bergs,  even  when  aground,  haye  always  a  slight  motioiiy 
which  has  the  effect  of  stirring  up  the  food  on  which  the  seals  sub- 
sist. Aocordingly  the  neighbourhood  of  these  bergs  is  favourable 
for  seals,  in  the  attempt  to  capture  which  the  hapless  kayaker  not 
iinfroquently  loses  his  life  by  falling  ice.  When  we  would  row 
between  two  to  avoid  a  few  hundred  yards'  cirouit,  the  rower  would 
pull  with  muffled  oars  and  bated  breath.  Orders  would  be  given  in 
whispers,  and  even  were  Babine's  gull  or  the  great  auk  to  swim 
past,  I  scarcely  think  that  even  the  chance  of  gaining  such  a  prise 
would  tempt  us  to  run  the  risk  of  firing,  and  tibereby  endangering 
our  lives  by  the  reverberations  bringing  down  pieces  of  crumbling 
ice  hanging  overhead.  A  few  strokes,  and  we  are  out  of  danger ; 
and  then  tiie  pent-up  feelings  of  our  stolid  fur-clad  oarsmen  find 
vent  in  lusty  huzzahs  I  Yet,  when  viewed  out  of  danger,  this  noble 
assemblage  of  ice  palaces,  bundreds  in  number  being  seen  at  such 
times  from  the  end  of  Jakobshavn  Eirke,  was  a  magnificent  sight ; 
and  the  voyager  might  well  indulge  in  some  poetic  frenzy  at  the 
view.  The  noonday  heat  had  melted  their  sides ;  and  the  rays  of 
the  red  evening  sun  glancing  askance  among  them  would  conjure  up 
fairy  visions  of  castles  of  silver  and  cathedrals  of  gold.  Here  was  the 
Valhalla  of  the  sturdy  Yikings,  here  the  city  of  the  sun-god  Freya, 
Alfheim,  with  its  elfin  caves,  and  Glitner,  with  its  walls  of  gold  and 
roofs  of  silver,  and  Gmile  more  brilliant  than  the  sun — ^the  home  of 
the  happy;  and  there,  piercing  the  clouds,  was  Himenberg,  the 
celestial  mount,  where  the  bridge  of  the  gods  touches  heaven^. 
Suddenly  there  is  a  swaying,  a  moving  of  the  water,  and  our  fairy 
palace  falls  in  pieces,  or,  with  an  echo  like  a  prolonged  thunder-clap, 
it  capsizes,  sending  Ihe  waves  in  breakers  up  to  our  very  feet. 

It  is  most  probable  that  the  cause  of  this  '^  shooting  out "  of 
befgs  from  the  ice-fjord  of  Jakobshavn  is  due  to  the  force  gene- 
rated by  the  detachment  of  a  fresh  bei^  from  the  glacier  at  the 
extremity  of  the  fjord.  Occasionally,  at  the  time  of  this  "  shooting 
out,"  the  waters  of  Jakobshavn  harbour  (a  little  iQord,  the  locality 
of  a  now  extinct  glacier)  will  rise  and  fall  with  such  tremendous 
force  as  to  snap  a  ship's  cable.  Actually  the  cable  of  the  <  Mari- 
anne,' a  brig  of  200  tons,  was  so  broken  in  1866.  This  wave  is 
well  known  to  the  Greenland  Danes  imder  the  name  of  the  '^  kaa- 
neel."  Various  theories  are  afioat  about  it  and  its  cause,  which  is 
not  very  weU  known;  but,  as  it  only  happens  when  the  ice  is 
<f  shooting  out "  in  great  quantities,  it  is  most  likely  caused  by  the 
displacement  of  the  volume  of  water  confined  in  the  inlet ;  and 
this  wave  is  also  felt  outside ;  but  its  force  is  lost  in  the  opei^ 
sea.  It  is  also  exhibited  at  Omenak  and  other  harbours  when  the 
ice  is  shooting  out  of  the  ice-fjords  in  their  vicinities;  but  these 
harbours  being  situated  at  a  greater  distance  from  the  scene  of 
action,  it  is  not  so  much  felt  as  at  Jakobshavn,  close  to  the  ice- 
^  Haye0»  op,  c.  p.  24. 
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i^ord.  In  eondnding  what  I  have  got  to  say  r^gaidmg  tiie  sob- 
gladid  riveny  I  cannot  help  remarkuig  that  the  dflPect  of  this  gnat 
ioe-eoTering  over  Greenbind  mnst  be  to  tiioronghly  denude  any  soft 
aedimentaiy  strata  which  might  have  redined  on  the  nnderiying 
igoeons  rockB  at  the  time  when  the  whole  ooontry  got  eo  over- 
spread.  Now  we  know  that  dnring  the  htter  Miooirae  epodi  the 
eonntry  supported  a  luxuriant  v^etation,  as  erinced  by  the  remaini 
which  I  and  a^en  have  ooliected  from  these  beds  \  I  was  stmck, 
when  studying  this  subject  in  Greenland,  with  the  fact  (though  I 
have  no  desire  to  push  the  theory  too  fiir)  that  the  Ofnly  places 
where  I  did  not  see  former  ice-action  were  the  very  localities  where 
these  Miocene  beds  repose.  These  localities  are  a  very  limited 
district  on  either  side  of  the  Waygalx  Strait,  on  Noursoak  penin- 
sula, and  Disco  Island,  neither  of  these  localities  baring  apparently 
been  overlain  at  any  time  by  the  great  inland  ice.  Nouisoak  penin- 
sula juts  out  from  tiie  land,  and  only  nourishes  small  gladera  of  its 
own ;  and  Disco  Island  is  high  land,  posseasing  a  miniature  inland 
ice  or  mer  de  glaee,  with  defluent  glacierB  of  its  own.  If  the  great 
inland  ice  had  ever  ground  over  this  tract,  I  hardly  think  it  possiUe 
that  the  soft  sandstone,  shales,  and  coal-beds  could  have  surrived  the 
effects  of  this  ioe-file  for  any  length  of  time. 

5.  The  Morttine$. — Moraines  are  usually  dassified  as  latere^ 
median,  terminal,  and  prcfimde  *,  or  under  the  glader.  From  the 
simple  character  of  the  Greenland  grader,  as  described,  it  will  be 
readily  seen  that  the  median  moraine,  formed  by  the  junction  of 
two  lateral  moraines,  must  be  rare,  while  the  terminal  takes,  ex- 
cept in  rare  instances,  another  form.  Ordinary  alpine  gladen, 
when  grinding  down  between  the  two  sides  of  a  monntain-goTge, 
get  accumulated  on  their  sides  rubbish,  such  as  earth,  rocks, 
&c.,  which  fedl  either  by  being  undermined  by  the  glader,  by 
frt>st,  or  by  land-slips,  until  two  lateral  moraines  are  formed.  If 
the  glader  anastomoses  with  a  second,  it  is  evident  that  two  of  the 
lateral  moraines  will  unite  in  the  common  glacier  into  a  median  one. 
When  the  glader  terminates,  this  moraine  carried  along  with  it, 
is  depodted  at  its  base,  and  forms  the  terminal  moraine.  Over  the 
lower  fSace  of  a  glader,  according  to  the  heat  of  the  day,  some  ma- 
terial is  always  falling,  a  thimbleful  of  sand,  it  may  be,  tridding 
down  in  the  stream  of  water ;  or  a  mass  of  stone,  gravd,  and  earth 
may  thunder  over  the  edge.  If  l^e  glader  advances,  it  pushes  this 
moraine  in  front  of  it,  or,  it  is  posdble,  may  creep  over  it  and  cany 
it  on  as  a  moraine  profande.  This  moraine  profonde  consists  of  the 
boulders,  gravd,  &c.,  which  the  glader,  grinding  along,  has  carried 
with  it,  and  which,  adhering  to  its  lower  smface,  help  to  grind 

^  Heer,  in  the  *  PhiloMphicd  Tranaetioiu,'  1869,  pp.  445-488.  In  this 
treatise  of  Prof.  Heer  I  haT8  printed  a  few  notes  on  the  geology  of  these  Mb- 
oene  beds ;  but,  owing  to  an  aoiBident»  I  did  not  see  them  in  proof.  Henoe  thera 
are  serenl  errors.  The  tide  of  the  paper  ia  alao  apt  to  mislead.  These  geolo- 
gical and  FothOTpointi  I  hope  in  doe  oourse  to  oorreet  in  a  foil  aooonnt  of  the 
geolognr  of  the  Waygats  Straits,  with  illnstnitiTe  sections,  sketdies,  Ac. 

'  The  term  moraine  mn^otuU  was  first  used  by  Hogard  in  his  '  Coop  d*flBiI 
snr  le  terrain  errstiqne  des  Yo^ges '  (1851),  p.  10. 
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down  infrajacent  rocks  and  at  tlie  same  time  get  grooved  in  a  cor- 
responding direction.  K  the  Greenland  glacier  does  not  reach  the 
sea,  then  the  programme  of  the  Alpine  glacier  is  repeated;  but 
when  the  lower  end  breaks  on  reaching  the  head  of  the  i^ord,  then 
a  different  result  ensues*  The  terminal  moraine  {if  there  is  any ; 
for  none  comes  over  the  inlandj  ice,  which  leads  me  to  believe  that 
it  does  not  rise  in  mountains ;  and  often  the  glacier  is  so  short  as 
to  take  little  or  none  from  the  sides  of  its  valley)  floats  off  on  the 
surface  of  the  iceberg,  and  the  moraine  profonde  either  drops  into 
the  sea,  or  is  carried  further  on  in  the  base  of  the  iceberg :  very 
firequentlythis  moraine  prof onde  is  composed  of  boulders  and  gravel, 
and  it  is  rare  that  they  are  not  dropped  before  the  berg  gets  out  of 
the  i^ord.  The  berg  itself  very  often  capsizes  in  the  inlet  and  de- 
posits what  load  it  may  have  on  its  sur&ce  or  bottom  at  the  bottcnn 
of  the  sea ;  and  when  it  gets  out  of  the  inlet,  as  I  have  already 
described,  it  often  ranges  itself  in  the  outside  ice-stream ;  and  if  it 
there  capsizes,  then  the  boulders  lie  on  the  bottom  ^lere,  bo  that, 
if  the  floor  of  the  sea  were  raised  up,  a  long  line  of  boulders  would 
be  found  imbedded  in  a  tenacious  bed  of  laminated  clay,  with  fossil 
shells  and  remains  of  other  Arctic  animals,  skeletons  of  seals,  heaps 
of  gravel  here  and  there,  and  so  on,  in  what  would  then  be  a  mossy 
valley,  most  likely  the  bed  of  some  river.  Again,  allow  me  to  re- 
mark that  a  berg  may  not  capsize  by  pieces  breaking  off  from  above 
the  water,  but  it  may  also  lose  its  equilibrium  (as  is  well  known) 
by  being  worn  away,  as  is  most  frequently  the  case,  at  the  base, 
or  (as  is  less  known)  by  pieces  calving  off  from  below.  If  the  berg 
ground  on  a  bank  or  shoial,  or  in  any  other  water  not  deep  enough 
for  its  huge  bulk  to  float  in,  it  will  often  bring  up  from  the  bottom 
boulders,  gravels,  &c.,  deposited  by  former  bergs,  and  carry  them  on 
until  this  material  is  deposited  elsewhere ;  when  grounding,  it  will 
girase  over  the  submei^ged  boulders,  or  rocks  just  under  water, 
grooving  them  in  long  grooves ;  for  an  icebeg,  it  cannot  be  too  often 
remembered,  is  merely  a  mountain  of  ice  floating  in  the  sea.  In  my 
earlier  voyages  in  the  Arctic  regions  I  was  rather  inclined  to  under- 
rate the  transporting-power  of  bergs,  as  I  saw  but  few  of  them  with 
any  earth,  rocks,  or  other  land-matter  on  them.  Though  still  believ- 
ing that  this  has  been  exaggerated  to  support  their  theories  by  some 
writers  ignomnt,  unless  by  hearsay,  of  the  nature  of  icebergs',  I  am 
inclined  to  think  that  I  was  in  error. 

Towards  the  close  of  my  voyage,  in  1861,  I  had  occasion  to 
ascend  to  the  summit  of  many  beigs  when  the  seamen  were  water- 
ing the  vessel  from  the  pools  of  water  on  their  summits;  and  I 
almost  invariably  found  moraine,  which  had  sunk  by  the  melting 
of  the  ice  into  tJie  hollows,  deep  down  out  of  sight  of  the  voyager 
sailing  past,  but  which  would  have  been  immediately  deposited 
if  the  berg  had  been  capsized.  In  1867  I  saw  many  bergs  with 
I  of  rocks  on  them,  and  only  at  the  mouth  of  the  Waygatz  one 


^  I  have  found,  bowever,  tlmt  mooh  of  the  "  diBColoration  "  in  bergs  is  caoaed 
l)j  ibe  brown  leaves  of  the  Catnope  teiragona  and  other  plants,  growing  among 
toe  rooks  abutting  on  the  glaoiers,  and  blown  down  upon  them. 
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with  a  hlook  of  trap(?)  k  laige  that  it  lookodi  evm,  at  a  distaBetfi 
like  a  good-sued  hoiue. 

6.  Z«/«  sMor  1^  iM-fjardt, — In  the  immediate  Tieiiiity  of  iha 
JakobBhaTii  ioe-Qord  (and  I  take  it  as  the  type  of  the  whole)  ani^ 
mala  living  on  the  bottom  were  raie,  except  on  the  immediate  ahore 
or  in  deep  water ;  for  the  bergs  graced  the  bottom  in  moderately 
deep  water  to  sach  an  extent  as  almoet  to  destroy  animal  and 
▼egetable  life  rooted  to  the  bottom.    In  this  Ticimty  bnnohea  ef 
alg»  were  floating  abont,  uprooted  by  the  gronnding  bergs,  and  iho 
dredge  brought  up  ao  little  material  for  the  zoologist's  examination 
that,  nnlees  in  deep  water,  his  time  was  almost  thrown  away,  Again, 
the  heads  of  the  inlets,  unless  very  broad  and  open  to  the  sea,  ara 
bare  of  marine  life,  the  quantity  of  freah  water  from  the  sul^^laoial 
atream  and  the  melting  berga  being  sueh  as  to  make  the  neighr 
bourhood  (aa  in. the  Baltic)  unfavourable  for  aea-animaU.    Some 
inlets  are  aaid  to  •  be  so  cold  that  fish  leave  them.    I  have  not  been 
able  to  eonflrm  this  in  the  Arctic  regions.    When  stream-emplying 
lakes  fiill  into  the  head  of  these  ^ords,  having  salmon  in  them,  then 
seals  ascend  into  the  lakes  in  pursuit  of  them.    Other  loeiJities, 
owing  to  the  capricious  distribution  of  life,  would  be  barer  or  more 
abundantly  inhabited.    Again,  in  shallow  inlets,  except  for  Cms- 
tacea  or  other  free-swimming  animals,  the  bottom,  continually  dis* 
tnrbed  by  the  dropping  of  moraine  or  the  ploughing  up  of  bergs, 
would  be  unfavourable  for  life.  Accordingly,  if  the  bed  of  the  Arotio 
Ocean  in  these  places  were  raised,  and  we  found  the  mouth  of  a 
valley  with  laminated  beds  of  clay  rich  in  Aretio  shells,  and  tirn 
head  bare  of  life,  but  still  showing  that  the  beds  had  been  aasoited 
by  marine  action,  supposing  we  were  (as  in  Scotland)  ignorant, 
except  by  analogy,  of  the  history  of  this,  should  we  not  feel  juatiABd 
in  saying  that  l^e  beds  at  the  one  place  and  the  other  were  depo^ 
sited  under  diffisrent  oonditionB,  and  were  in  all  likelihood  of  dif« 
ferent  ages  f    How  just  that  apparently  logical  inferenoe  would  be 
I  need  scarcely  ask. 

n.  AcnoK  OF  Sbi-iob. 

We  have  in  the  previous  section  in  the  most  outline  ferm  sketched 
the  subject  of  Greenland  glacial  action.  As  the  object  of  this  paper 
is  not  to  form  a  summary  of  our  knowledge  on  the  subject,  I  have 
not  entered  into  a  discussion  of  any  points  on  the  physics  of  ice,  fur- 
ther than  was  necessary  to  a  right  understanding  of  the  subject  in 
band.  Suffice  it  to  say  that  aU  sea-ice  forms  originally  from  the 
'* bay-ice"  of  the  whaler,  as  the  thin  covering  which  first  forms 
on  the  surfaces  of  the  quieter  waters  is  called,  and  that  this  *^  bay. 
ice"  is  entirely  fresh,  the  effect  of  arctic  freezing  temperature  being 
to  precipitate  the  salt  Hence,  when  we  talk  of  the  temperature 
requisite  to  fr'eeze  salt  water,  it  is  merely  equivalent  to  saying  that 
this  temperature  is  requisite  for  the  precipitation  of  the  saline 
constituents  of  the  water.  The  water  of  the  aretic  sea  is,  according 
to  Scoresby,  of  the  specific  gravity  1-0263,     At  fl"«  specific  gra- 
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▼ity  it  edntaina  5|  oz.  (aymrd.)  of  salt  to  every  gallon  of  281  cabio 
imdieB,  and  freeaea  at  28|  Fabir,  Tlie  specific  gravity  of  this  ice  is 
about  0*873.  To  enter  upon  this  sabjeet,  of  which  the  above  is 
only  the  sununaiy  of  a  long  series  of  experiments,  is  fbreign  to  the 
object  of  this  paper.  From  this  bay-ice  is  formed  the  floe,  firom 
the  floe  the  paok-ioe  and  other  forms  familiar  to  arctic  navigators. 
In  the  summer  the  ice  in  Davis  Strait  on  either  side  breaJu  up 
sooner  than  that  in  the  middle  of  the  strait,  which  remains  for  a  con- 
siderable time,  forming  the  '*  middle  ice "  of  the  whalers.  Still, 
however,  a  narrow  belt  remains  attached  to  the  shore  during  a  con- 
siderable portion  of  the  summer.  This  is  called  by  the  Danes  in 
Greenland  the  **  iis  fed,"  and  by  the  English  navigators  the  "  ice- 
Ibot."  As  the  spring  and  summer  thaws  proceed,  land-slips  occur, 
and  earth,  graved,  and  avalanches  of  stones  come  thundering  down 
on  the  ice-foot,  there  to  remain  until  it  breaks  off  from  the  coast 
and  floats  out  to  sea  with  its  raft-like  load  of  land-debris.  As  the 
summer's  long  sunlight  goes  on,  the  ice,  worn  by  the  sea,  parts  with 
its  load ;  and  this  may  be  shortly  after  its  leaving  the  land,  or  it  may 
float  tolerably  far  south.  The  ice-foot,  however,  rarely  carries  its 
load  as  flu*  south  as  the  mouth  of  Davis  Strait ;  and  sea-ice  is  seldom 
seen  fat  out  of  the  arctic  regions,  while,  as  we  all  know,  bergs  often 
float  fax  into  the  Atlantic  Often  fields  of  ice  will  float  along  and, 
like  icebergs,  graze  the  surface  of  rocks  only  a  wash  at  low  tides ; 
and  therefore  its  action  might  be  mistaken  for  that  of  icebergs  or 
land-ioe.  In  other  cases  I  have  known  tbe  ice-foot,  laden  with 
debris,  to  be  driven  up  by  the  wind  and  high  tides  on  to  low-lying 
islands,  spits,  and  shores,  piling  them  with  the  load  thus  carried  from 
distant  localities,  so  that  blocks  of  trap  from  the  shores  of  Disco  or 
Waygatz  might  be  drifted  up  on  the  beach  at  Cumberland  Sound  or 
on  die  syenitio  shores  of  South  Greenland. 

It  has  even  been  found  that  in  shallowish  water  the  ice  will  freeze 
to  the  bottom  of  the  sea ;  and  in  such  situations  the  gravel,  blocks, 
fto.,  there  lying  will  freeze  in  and  be  carried  out  to  sea,  to  be  depo^ 
sited  in  course  of  time  in  a  manner  similar  to  the  superincumbent 
loads  of  the  ice-foot,  though  more  speedy.  The  same  pheno- 
menon holds  good  of  the  Baltic.  In  the  Sound,  the  Great  Belt,  <fec. 
the  ground-ice  often  rises  to  the  sur&ce  laden  with  sand,  gravel, 
stones,  and  sea-weed.  Sheets  of  ice,  with  included  boulders,  are 
driven  up  on  the  coasts  during  storms  and  *^  packed  "  to  a  height  of 
60  feet.  How  easily  such  sheets  of  ice,  with  included  sand,  gravel, 
or  boulders,  may  furrow  and  streak  rocks  beneath  may  be  imagined  ^ 
The  patches  of  gravel  on  the  pack-ice  are  owing,  I  think,  to  portions 
of  the  gravel-laden  ice-foot  having  got  among  the  ordinary  materials 
of  tiie  pack ;  for  I  do  not  think  that  ice  formed  in  deep  water,  unless 
when  it  passes  over  rocks,  and  therefore  may  take  up  fragments  of 
stone  or  earth,  has  any  geological  significance. 

The  conclusions  which  we  are  forced  to  draw  fr^m  what  I  have 
said  regarding  the  depositing-power  of  glader-streams,  bergs,  and  sear- 
ice  must  be : — 1.  That  the  bottom  of  Davis  Strait  must  be  composed 
1  Forohhammer  in  lyell's  <  Principles/  pp.  231-232. 
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of  vartoitfiiuiterialfl;  2.  That  particolar  nmterials  must  predominate 
in  particalar  localities ;  3.  That  the  hottom  in  the  Tidnity  of  ice- 
fjoids  and  in  ijords  must  he  chiefly  composed  of  day,  with  hoolden, 
grarel,  and  earth  either  scattered  orer  it  or  in  patches ;  4.  That  the 
month  and  centre  of  Davis  Strait  andTarions  banks,  such  as  Bifkol, 
most  be  chiefly  composed  of  earth,  gravel,  bonlders,  ftc,  with  fitkle 
or  none  of  the  glacier-day ;  5.  That  life  mnst  not  be  nmformly 
distribnted  throi^  this  bottom;  6.  That  though  the  lines  of 
travelled  blocks,  bonlders  rubbed  by  grounding  bergs,  ice,  or  by 
being  bronght  ont  as  part  of  the  moraim  profonde^  will  be  foond 
scattered  over  every  portion  of  the  sea,  still  they  will  chiefly  be 
found  in  the  lines  of  Qords  and  of  the  icebeig-etreBon ;  6.  That  the 
clayey  bottom  of  deep  inlets  will  be  little  disturbed,  while  that  of 
sludlow  ones  will  be  grooved  and  torn  up  by  grounding  bergs,  &c. 

III.  EiBB  AHD  Fall  of  ths  6BBEirLAin>  Coast. 

It  may  be  asked — have  we  any  data  for  the  conduacms  in  the 
foregoing  paragraphs,  further  than  logical  inferences  from  observed 
facts  justify  us  in  drawing?  Yes,  we  have;  for  there  has  been  a 
rise  of  the  Greenland  coast,  laying  bare  the  searbottom,  as  just  now 
there  is  a  fall  going  on.  This  fact  is  not  new;  on  the  contrary  it 
is  notorious,  but  has  been  much  misunderstood.  We  have  the  Duies 
telling  us  on  the  most  irrefragable  evidence  that  the  coast  is  falling, 
while  the  Americans  who  wintered  high  up  in  Smith's  Sound,  saw  there 
raised  sea-beaches  and  terraces,  and  accordipgly  say  that  it  is  rising 
in  that  direction,  while  in  truth,  both  of  them  are  right,  but  not  in 
the  exclusiye  sense  they  would  have  us  to  imagine.  There  haa  been 
a  rise ;  there  is  a  fall  going  on.    We  now  supply  the  proo&. 

1.  Biee, — In  Smith's  Sound  both  Kane's  and  Hayes's  expeditions 
observed  a  number  of  raised  terraces  110  feet  above  high  tide-mark, 
the  lowest  being  32  feet.  These  were  composed  of  small  pd>bles,  itc 
Hence  they  conduded  that  the  coast  was  rising.  I  think  it  can  be 
easily  enough  shown  that  this  is  only  a  portion  of  the  old  rise  of  the 
Gre^and  coast.  The  interval  between  this  locality  and  the  Danish 
possessions,  commendng  at  73°  N.  lat.,  has  been  so  little  examined 
either  by  the  geographer  or  the  geologist  that  we  can  say  nothing 
about  it ;  but  more  to  the  south  and  edong  the  whole  ext^t  of  the 
Danish  colonies,  this  raised  portion  ofthe  sea-bottom  is  seen.  The  hills 
are  low  and  rounded,  and  everywhere  scattered  with  perched  blocks, 
boulders,  &c.,  many  of  them  brought  from  northern  or  soutiiem 
localities.  In  other  localities,  in  the  hollows  or  along  the  sea-diore, 
we  see  several  feet  of  the  glader-day  (the  **  brick-day  "  in  fact) 
full  of  arctic  shells  such  as  are  now  living  in  the  sea,  Edunodermata, 
Crustacea,  &c.,  while  in  other  places,  as  might  be  expected  from  what 
I  have  said,  the  clay  is  bare  of  life.  This  clay  corresponds  identically 
in  many  places  with  some  of  the  ^<  brick-days  "  of  Scotland,  though 
as  might  be  expected  from  the  difference  these  clays  partake  of  friaL 
the  different  rocks  the  trituration  of  which  has  given  origin  to  them, 
they  are  in  some  plaoes  of  different  shades  of  colouring.    In  this 
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glader-olay  (or  shall  I  call  it  upper  laminated  Bonlder-daj  ?)  all  the 
shells  found  are  of  species  still  living  in  the  neighbouring  sea,  with  the 
exertion  of  two,  Qlydmms  sUiqua,  and  Panop<Ba  norvegica  \  but  as 
both  of  these  are  found  in  the  Newfoundland  sea,  we  may  expect  them 
jet  to  be  shown  to  be  living  in  Dayis  Straits  I  have  seen  this'' fossili- 
ferous  day"  up  to  the  height  of  more  than  500  feet  above  the  sea, 
on  the  banks  overlooking  glaciers.  At  the  Illartlek  glacier,  in 
69^  27'  N.  lat.,  this  glacier-day,  deposited  on  the  bottom  of  the  sea 
by  some  former  glacier,  now  formed  a  moraine ;  and  on  the  surface 
of  the  ice  I  pidced  up  several  species  of  shells  which  had  got  washed 
ottt  by  the  streams  crossing  over  the  glacier  face.  This  Illartlek 
glader  does  not  reach  the  sea ;  but  supposing  (as  is  doubtless  the 
case  elsewhere)  that  this  clay  had  fallen  on  a  glader  giving  off  ice- 
bergs, then  the  shdls  deposited  in  the  old  sea-bottom  would  be  again 
carried  out  to  sea,  and  a  second  time  transferred  to  the  bottom  of 
Davis  Strait  I  I  found  this  clay  everywhere  along  the  coast  and  in 
Leer  Bay,  south-west  of  GUushavn ;  in  knots  of  ti^is  day  are  found 
impressions  of  the  Angmaksaett  {Malhtus  arcHcusy  O.  Fabr.),  a  fish 
still  quite  abundant  in  Davis  Strait'.  However,  though  this  glader- 
day  was  found  everywhere  along  the  coast,  yet  it  should  be  noticed 
that  this  was  chiefly  when  gladers  had  been  in  Qords,  &c.,  and  that 
often  for  long  distances  it  would  be  sparingly  found  only  in  valleys 
or  depressions. 

Other  evidences  of  the  rise  of  the  Greenland  coast  are  fiirmshed 
by  ruins  of  houses  being  found  high  above  the  water,  in  places  where 
no  Qreenknder  would  ever  think  of  building  them  now.  On  Hunde 
(Dog)  Island,  in  the  district  of  Egedesminde,  there  are  said  to  be  two 
such  houses,  and  two  little  lakes  with  marine  shells  naturaliased  in 
them,  and  remains  offish-bones,  &c.,  on  the  shores.  I  only  heard  this 
when  it  was  too  late,  so  IJiat  to  my  regret  I  had  to  leave  the  country 
without  paying  a  visit  to  this  remarkable  locality. 

2.  Fall, — ^This  has  been  long  known ;  but  it  is  only  within  the 
last  thirty  years  that  special  attention  has  been  drawn  to  the  sub- 
ject, chiefly  by  Dr.  Pingel',  who  passed  some  time  in  Green- 
land. The  facts  are  tolerably  well  known,  how  houses  are  found 
jammed  in  by  ice  in  places  where  they  never  would  have  been  built 
by  the  natives,  as  Proven,  and  so  on.  It  may,  however,  be  as  wdl 
to  recapitulate  these  proofs. 

Between  1777  and  1779  Arctander  noticed  that  in  Igalliko  Fjord 
(lat.  60^  43'  N.)  a  small  rocky  island,  *'  about  a  gun-shot  from  the 
shore,"  was  entirely  submerged  at  spring-tides;  yet  on  it  were 
the  walls  of  a  house  (belonging  to  the  old  Norsemen)  52  feet  in 
length,  30  in  breadth,  5  in  ^ckness,  and  6  high.    Fifty  years 

1  Moroh  in  Tillsg  no.  7  til  BinVs  «  Grimland*  Bind  2.  8. 143. 

^  "  In  ffeneral,  I  may  say/*  remarks  Agassiz,  when  speaking  of  the  closeneaB 
with  whidi  Tertiary  fishes  agreed  with  recent  ones,  "  that  I  hare  not  yet  found  a 
single  species  which  was  perfectly  identical  with  any  marine  existing  fish,  except 
the  little  species  (JilaUoiua),  which  is  found  in  nodules  of  day,  of  unknown  age, 
in  Greenkmd."    I  am  convinced  that  the  age  I  have  given  is  correct 

'  Proc.  Qeol.  Soc.  yoL  il.  p.  208. 
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later  the  whole  of  it  was  so  sabmeiged  that  only  the  raina  nae 
abore  the  water.  The  settlement  of  Julianeehaab  waa  founded 
in  1776  in  the  aame  l^ord ;  but. the  foondatioiia  of  the  old  abnm» 
honae,  bnilt  on  an  iaUnd  oaJled  "  The  Castle,''  are  now  diy  only  at 
▼ery  low  water.  Again,  the  remaina  of  native  honaea  are  seen 
under  water  near  the  colony  of  Fredrikshaab  (lat.  62?  N.).  Near 
the  great  glacier  which  projects  into  the  sea  between  Frediikahaab 
and  FiskemsMset,  in  62^  32^  N.,  there  is  a  group  of  islands  called 
Fullnarlalik,  on  the  shores  of  which  are  the  ruins  of  dwellings 
which  are  now  oTerflowed  by  the  tide.  In  1758  the  Moravian 
Uniia»  Fratrum  founded  the  mission-establishment  of  liehtenfeld) 
about  two  nules  from  Fiskemaesset  (lat.  63^  4') ;  but  in  thirty  or  forty 
years  they  were  obliged  once,  *'  perhaps  twice,"  to  remove  the  frames 
or  posts  on  which  they  rested  their  lai^  cmiaJes  or  *'  womena  "  (seal* 
akin)  <*  boats."    The  posts  may  yet  be  seen  beneath  the  water. 

To  the  north-east  of  Godhaab  (kt.  64°  10'  36"  N.,  long.  SI''  45'  6" 
W.'),  on  a  point  called  Yildmansneee  (Savage  Point)  by  Hana  Egede,  in 
1721-36,  several  Greenland  families  lived.  These  dwellings  are  now 
desolate,  being  overflowed  at  high  tide.  At  Nappersoak,  fbrty-fivB 
miles  north  of  Sukkertoppen  (lat  66''  25'  23"  K.,  long.  52''  45'  25" 
W.),  the  ruins  of  old  Groenknd  houses  are  also  to  be  seen  at  low 
water. 

In  IHsco  Bay  I  had  another  curious  instance  brou^t  nndar 
my  attention  by  Hr.  NeOasen,  Colonibestyrer  of  GHaushavn.  The 
blubber-boiling  house  of  l^t  poet  was  originally  built  on  a  little 
rocky  islet,  about  one*eighth  of  a  mile  from  the  riiore,  called  by  ite 
Danes  <'  Speck-Huse-Oe,"  and  by  the  Eskimo,  <<  Krowelenwak,*' 
which  just  means  the  same  thing,  viz.  *'  Blubber-house  Island.** 
For  many  years  the  island  had  been  gradually  sinking,  until,  in 
1867,  the  year  of  our  visit,  £[r.  Neilssen  had  been  under  the  neoea* 
sity  of  removing  the  house  from  it,  as  the  island  had  been  gradu* 
ally  subsiding  until  the  floor  of  the  house  was  flooded  at  high  tide, 
though,  it  is  needless  to  say,  sufficiently  far  above  high-water  mark 
when  originally  built.  On  another  island  in  its  vicinity  the  whole  of 
the  Glaushavn  natives  used  to  encamp  in  the  summer,  for  the  treble 
purpose  of  drying  seals'  flesh  for  winter  use,  of  getting  free  frt>m 
disturbance  by  the  dogs,  and  of  getting  somewhat  relieved  from 
the  plague  of  mosquitoes  ;  but  now  the  island  is  so  circumscribed 
that  the  natives  do  not  encamp  there,  the  space  above  water  not 
allowing  of  room  for  more  than  three  or  four  skin  tents.  These 
facts  are  sufficient  evidence  that  the  coast  of  Greenland  is  falling 
at  the  present  time;  and  I  doubt  not  that  if  there  were  ob* 
servers  stationed  in  Smith's  Sound  for  a  sufficiently  long  time,  it 
would  be  found  that  the  coast  is  also  falling  there,  though  hitherto 
only  Kane  and  Hayes  have  stayed  there,  but  for  too  short  a  period 
to  decide  on  the  matter;  and  I  cannot  see  that  there  is  the 
slightest  reason  why  the  fall  should  halt  at  Eingatok  (N.  lat  73'>43'X 

^  Aooording  to  obflerrations  br  Oapt.  r.  Efdbe,  of  the  Royal  Banish  Naty, 
furniahed  to  me  by  Oapt  H.  L.  M.  Holm,  of  the  Hydrographio  DepartmeDti 
Copenhagen. 
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the  mo0t  norUieni  Danish  post,  and  the  most  &o]*therly  abode  of 
QiTiliied  man.  Ciieamatanoea  have  only  allowed  of  its  being  noted 
9ofar\ 

Hr.  Neilssen  told  me  that  he  considered  that  Disco  Island,  op- 
posite daushavn,  was  rising)  because  the  glaciers  were  on  the 
increase.  I  think  that  if  there  is  no  more  evidence  than  this  for 
that  supposed  fact,  we  may  lay  it  aside  as  erroneous,  because  the 
gladen  are  undoubtedly  increasing  by  the  increase  of  the  interior 
mer  d$  gUue  on  the  island,  and  by  the  regular  descent  which 
they  are  making  to  the  sea. 

I  haye  made  an  attempt  to  estimate  the  rate  of  fall ;  and  though 
we  have  no  certain  data,  yet  I  belieye  that  it  does  not  exceed  five 
feet  in  a  century,  if  so  much ;  so  that  none  of  us  wiU  live  to  see 
Greenland  overispread  by  the  sea.  Here  I  may  point  out  what 
seems  to  be  a  faUaoy  in  the  reasoning  of  those  auliioni  who  write 
about  the  denuding  power  of  rivers,  and  calculate  that  such  and 
such  a  country  will  be  overwhehned  by  the  sea  in  so  maliy  millions 
of  years.  Whatever  the  land  loses  by  denudation  the  sea  gains  \ 
and  theref<H«  the  two  forces  keep  pace  with  each  other*  We  thus 
see  in  Greenland  two  appearances :  (1)  In  the  interior  what  Scot- 
land once  was;  (2)  on  the  coast  what  Scotland  now  ii.  We  will 
therefore  proceed  in  oonolusion  to  point  out  some  of  the  similarities 
in  the  latter  light. 


iy»  AwticAHov  ov  XRB  Facts  itBeAiinivo  Ancno  Icb-aohok  as  bx«» 

PLAJTAIOBT  OF  GlAOIATIOIT  AVB  0TH£K  IoB-BEXAIHS  IK  BbITAIK. 

Scattered  over  Scotland  and  the  northern  portion  of  England,  and 
part  of  Ireland,  are  blocks  of  stone  and  grooved  boulders  on  the 
top  of  high  hills,  or  down  in  valleys.  These  boulders  generally  take 
the  line  of  valleys.  All  over  the  country,  also,  is  found  a  coarse 
day  or  earth,  mixed  with  boulders,  rocks,  &c.,  pell-mell,  and  above 
it  another,  finer  day,  also  with  boulders,  but  stratified,  and  in  many 
localities  abounding  with  fossil  shells,  these  shells  being  species  now 
living  in  the  Arctic  Sea.  I  need  hardly  remind  the  reader  that  this 
is  the  Boulder-clay,  the  Northern  drift,  or  by  whatever  other  name 
it  is  known.  In  the  eastern  counties  of  England  it  consists  of 
gravd  with  fragments  of  various  rocks ;  in  the  midland  counties,  of 
dark  tenadous  day  or  *'  till,"  with  boulders ;  and  wherever  found, 
these  clays  <kc.  are  almost  always  loc<tl\  i.e.  they  partake  in  cha- 
racter of  the  district  over  which  they  lie,  in  colour,  texiure,  and 
admixture  of  the  underlying  formations.  Li  addition,  the  rocks  are 
grooved,  and  the  sides  and  tops  of  the  hills  are  worn  and  farrowed 
as  if  by  some  body  passing  over  them.  Eurther  than  this  I  do  not 
require  to  introduce  the  subject;  for  it  is  abundontiy  well  known  to 
all  geologists,  and  its  origin  is  an  endless  subject  of  controversy. 
What  my  opinion  of  the  origin  of  these  days  &c.  is,  is  already 

^  la  ths  <Bepoit  of  the  Britiah  A«ooiation'  for  1669  (Szet«r  Meeting),  X 
faatt  given  a  siaunary  of  the  fongoiog  obsermlioiis. 
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evident  from  what  I  hare  said  ;  indeed  it  is  only  neoessaiy  to  get 
an  explanation  of  the  great  body  of  appearances  presented  by  tiie 
glacial  remains  in  Scotland  to  turn  the  first  part  of  this  memoir 
to  this  endy  and  give  the  description  of  glacud  action  in  Green- 
land as  an  explanation.  These  explanations  I  will  shortly  sum- 
marize:— 

The  glacial  days  have  receiTed  various  subdivisions,  each  geologist 
subdividing  them  as  best  suited  the  particular  theory  he  was  advo- 
cating; but  the  broad  one  generally  adopted  is  into  (1)  an  undw 
non-fossiliferous  one,  not  due  to  the  action  of  water,  and  (2)  an 
upper  or  fossiliferous  one  due  to  marine  agency.  It  is  too  much 
the  custom  among  the  numerous  writers  on  the  *  Gladal  Period,'  to 
describe  one  small  locality  or  district  with  which  they  are  familiar, 
and  therefrom  to  deduce  the  explanation  of  a  phenomenon  which 
must  have  extended  over  immense  regions.  This  is  most  misleading. 
We  must  first  endeavour  to  explain  the  broad  features  conmum  to 
every  district,  and  then  see  if  local  deviations  cannot  be  explained 
by  mere  local  peculiarities. 

1.  The  wb^Azaie  BovJder^day. — ^This  I  consider,  with  Agaanz, 
Jamieson,  and  other  authors,  not  due  to  the  agency  of  icebeoqgs  or 
marine  ice,  but  as  the  nwraine  profi/nde^  or  &e  great  ioe-covenng  of 
this  oountiy  when  Britain  lay  under  conditions  such  as  now  prevail 
in  Oreenland. 

2.  The  Fossiliferous f  Laminated  or  Bridlxilays. — ^Ihese  I  connder 
are  due  almost  solely  to  the  sub-glacier  rivers  depositing  at  the 
bottom  of  the  sea  day  in  which  mollusca  burrowed.  IHus  day 
was  deposited  above  the  **till''  when  the  country  sank  to  the  ex- 
tent of  about  500  feet  beneath  the  sea ;  for  beyond  that  height,  in 
Scotland  at  least,  we  have  no  remains  of  marine  sheUs.  Part  of  it, 
I  will  not  deny,  may  be  due  to  the  sea  assorting  portions  of  the 
previous  non-fossiliferous  till ;  but  that  the  greater  portion  of  these 
clays  are  due  to  the  causes  mentioned,  from  what  we  see  in  Green- 
land I  have  no  doubt.  When  the  fossiliferous  Boulder-clay  lies 
directly  on  the  bottom,  then  we  may  suppose  that  during  the  time 
the  non-fossiliferous  day  was  forming  on  land  under  tbe  glader 
the  sub-glacier  rivers  were  depositing  this  mud  in  the  sea.  If  it  is 
not  fossiliferous,  then  we  must  condude  either  that  the  old  fauna  of 
the  Tertiary  period  had  left  the  sea,  and  that  the  arctic  one  had  not 
taken  possession  of  it,  or  that  this  absence  of  life  was  due  to  one  or 
other  of  the  causes  I  mentioned  in  sec.  6,  p.  688,  as  causing  the  day 
at  present  forming  in  the  Greenland  i^ords  to  be  azoic.  Mr.  Jamie- 
son,  indeed,  considers  that  the  fossiliferous  clay  might  have  been  con- 
temporary with  the  non-fossiliferous  clay  underlying  it,  and  that  the 
£iuna  found  in  it  was  really  the  fauna  of  the  period.  If  this  is  truo 
(and  I  am  inclined  to  believe  it),  then,  unless  on  the  most  natural 
supposition  that  the  one  was  forming  independently  from  the  sub- 
glacial  rivers  of  the  ice  cap  which  was  forming  the  other,  I  do  not 
see  how,  on  his  theory,  the  one  could  overlie  the  other.  This  fosd- 
liferous  day  is,  curioudy,  generally  found  near  the  coast,  and  in 
localities  which,  in  the  gladal  epoch,  would  bo  the  outlets  of  grader 
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streams, — ^these  green  grassy  yalleys  being  then  beds  of  glaciers ;  and 
the  gloomy  glens  scattered  with  bonlders,  deep  Qords,  throngh  which 
icebergs  sailed  to  the  open  sea.  I  consider  that  the  greater  portion 
of  the  Loess,  or  Lehm^  of  the  Alpine  valleys,  and  even  of  France,  is 
due  to  the  same  cause  (viz.  the  deposit  from  the  glacier-iivers),  and 
that,  in  fact,  it  is  identical  in  character  with  the  laminated  fossi- 
liferons  glacial  clays.  It  differs  from  them,  however,  in  this  respect, 
that  this  clay  was  spread  over  alpine  valleys  without  so  much  assisting 
power  from  water  as  if  the  rivers  had  fallen  into  the  sea,  was  not 
disturbed  by  boulders  scattered  through  it,  or  icebergs  ploughing  it, 
but  that  the  land  shells  found  in  it  are  theoretically  of  the  same 
nature  as  the  marine  shells  found  in  the  glacial  clays,  viz.  the 
fauna  of  the  overspread  region ;  much  of  the  loess,  however,  was 
doubtless  due  to  the  present  great  continental  rivers.  In  many 
places  (as  in  Caithness)  we  only  find  the  upper  fossiliferous  clay 
without  the  under  ^'tiU;"  and  in  this  case  I  consider  that  the  clay 
was  deposited  before  a  surface  with  moraine  prof  onde  was  exposed  ; 
for  be  it  noted  that  it  was  only  as  the  glaciers  were  clearing  off, 
either  by  increased  heat,  or  by  breaking  off  in  bergs  when  the 
country  got  sunk  to  the  depth  mentioned  (more  or  less,  it  does 
not  matter),  that  the  two  clays  were  formed  one  above  another  in 
the  manner  described ;  for  only  then  could  the  moraine  profonde,  or 
"  till,"  get  exposed  for  the  upper  laminated  days  to  form  above  it^ 
3.  KaimeSf  Escars,  OsearSy  or  Gravel  Motmds,  ^c. — The  glacial 
clays  often  contain  nests  of  gravel,  and  beds  of  sand  interstratifying 
with  the  clays.  How  these  were  formed  can  be  easily  understood 
by  any  one  who  has  seen  the  icefoot  and  the  icebergs  scattering  their 
gravel  and  stones  over  the  bottom ;  and  how  certain  districts  should 
have  gravels  and  others  day  is,  in  my  opinion,  equally  apparent, 
because,  if  the  theory  enunciated  in  this  paper  be  correct,  then  the 
fossiliferous  Boulder-nclay  could  only  be  limited  to  certain  districts, 
as  in  Davis  Straits  at  the  present  day.  The  curious  ridges  of  gravel 
&c.  variously  designated  by  the  names  at  the  head  of  this  section 
are,  I  am  singly  inclined  to  believe,  merely  the  sand-  and  gravel- 
banks  of  the  old  glacial  sea,  and  are  very  nearly  equivalent  to  what 
the  present  "  cod-banks"  (Rifkol  Ac.)  in  Davis  Straits  would  be  if 
the  bed  of  that  sea  were  laid  bare.  Against  this  theory,  however, 
there  stands  the  fact  that  hitherto  no  marine  remains  have  been  got 
in  these  <<  Eaimes  "  (as  they  are  called  in  Scotland,  "  Eskars  "  in 

'  Since  this  was  written,  a  most  interesting  and  soggestiye  paper  has  been 
published  by  Mr.  James  CroU  "  On  the  Boulder-day  ofOaithnees  as  a  product 
of  land-ice*^  (GeoL  Mag.  vol.  vii.  pp.  20&-214,  and  pp.  271-278).  in  which  he 
endeavours,  with  much  plausibiliW,  to  prove  that  this  dav  is  part  of  the  bed  of 
the  North  Atlantic  pushed  forward  by  a  huge  glader,  which  at  that  time,  he  con- 
siders, filled  up  the  greater  part  of  that  sea,  the  ice  from  Scandinavia  being,  he 
considers,  too  thick  to  float  in  the  comparative  shallow  sea  into  which  it  must 
have  protruded  either  in  the  form  of  icebergs  or  of  glaciers.  Without  giving 
my  adherence  to  a  theory  so  sweeping,  I  cannot  but  admire  the  logical  manner 
in  which  Mr.  Croll  reasons  out  his  hypothesis,  and  the  interest  and  importance 
of  his  suggestion — much  too  important,  indeed,  to  be  discussed  in  the  foot-note 
with  whi^  I  must  at  present  dismiss  it 
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Iielandy  *'  OBcan  ^  in  Sweden) ;  so  that,  unless  this  stombHng-blot^ 
be  removed,  we  most  consider  th^i  dne  to  fresh-water  action — this 
action  being  still  unknown.  The  moonds  on  the  '*  Monnd  Prairie" 
in  Washington  territory^  and  also  in  Texas,  are,  I  am  convinced, 
very  similar  in  their  origin,  though  I  doubt  if  the  cause,  or  causes, 
en^^iged  in  forming  them  were  in  any  way  connected  with  the  glacial 
p^iod.  Ky  eminent  friend  Professor  J.  D.  Whitney's  denial'  of  the 
presence  of  the  glacial  drift  on  the  North  Pacific  coast  (whatever 
may  be  said  of  the  r^on  he  is  personally  intimately  acquainted 
witii,  as  Director  of  the  Geological  Survey  of  California)  is  founded, 
as  fkr  as  British  Columbia,  Washington  Territory,  and  Vancouver 
Island  (so  far  as  I  have  examined  these  countries)  are  concerned, 
on  the  imperfect  observation  of  his  informant',  the  drift  being 
everywhere  well  developed  in  these  r^ons,  as  I  have  pointed  out 
in  another  place  ^. 

4.  Boulders, — Boulders  scattered  over  the  country  are  due  to 
the  period  of  the  formation  of  the  (non-foesiliferous)  Boulder-day 
when  the  country  was  sunk  more  than  now,  as  will  be  afi;erwards 
noted  in  the  inferences  (§  p) ;  but  those  lying  in  the  lines  of  valleys 
are  due  to  the  depositing  power  of  bergs,  as  these  bergs  still,  as 
described,  deposit  Uiem  in  tiie  originals  of  these  glens  and  valleys, 
the  Arctic  Qords;  and  hence  the  boulders  keep  the  lines  of  the 
valleys.  The  boulders  and  travelled  blocks  on  the  top  of  the 
highest  lulls  are  due  chiefly  to  the  transporting  power  of  the  great 
moving  **  inland  ice  ^  of  Britain  at  that  period ;  and  the  former  are 
really  a  portion  of  the  moraim  profondey  which,  however,  the  old 
rivers  (derived  from  the  melting  of  the  glacier-cap)  or  the  subsequent 
action  of  the  weather  have  not  swept,  with  the  clay  around  ^em, 
into  the  valleys.  These  boulders,  dragged  over  the  rocks,  would 
act  as  a  file  to  the  underlying  strata  they  came  into  contact  with ;  so 
that  we  need  not  be  surprised  that  both  the  rocks  and  boulders  are 
deeply  frtrrowed. 

We  must,  however,  draw  a  distinction  between  the  different 
kinds  of  blocks  scattered  over  the  country.  Those  blocks,  rounded, 
grooved,  and  worn  as  if  by  ice  could  (in  my  opinion)  be  only  due  to 
this  moraine  profondej  and  are  connected  with  the  superincumbent 
inland  ice.  The  boulders  &c.  carried  off  by  bergs  are  not  grooved 
or  worn ;  for  they  merely  drop  down  on  ^^  upper  surface  of  the 
ice  and  are  carried  out  to  sea,  and  there  dropped.  K  they  are 
afterwards  grooved  it  must  be  by  the  action  of  ice  passing  over 
them  and  grazing  them — ^an  occurrence,  I  fancy,  not  very  common. 
That  these  erratic  blocks  will  get  water-worn  is  only  a  natural  con- 

^  Gibbe,  in  *  Pacific  Bailroad  Surreys,*  toL  i.  pp.  469  ft  486 ;  Cooper,  in  the 
Natural  History  of  Waahinffton  Territonr/  p.  18.  llieee  and  other  physioo- 
geographical  features  of  North-West  America  will  be  more  fully  described  in  the 
authors  *  Hone  SylTanie*  now  in  course  of  publication. 

•  Proceedings  of  the  California  Academy  of  Sciences,  toL  iii.  p.  277  (1866). 
'  See  also  Dall,  in  *  Silliman's  American  Jour,  of  So.'  Jan.  1868,  and  Proo. 

Boston  Nat.  Hist  Soc.  vol.  rii.  pp.  145, 146. 

*  Petermann's  *  Geographiache  Mittheilungen,'  1869,  jp.  6;  Trans.  GeoL  Soe. 
Edin.  1869,  p.  19 ;  and  *  Silliman's  Amer.  Joum.  of  Sc.'  Nor.  1870,  pp.  318^324. 
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sequence  of  their  submarine  situation  ;  but  this  is  very  different  from 
the  ice-grooving  of  the  subglacial  boulders. 

6.  Zt/e  in  the  Old  Waters — ^The  rarity  of  life  in  many  of  the  glacial 
beds  need  not  be  wondered  at  when  we  consider  what  I  have  said 
r^arding  the  capricious  and  even  sporadic  distribution  of  life  in  the 
Qords  of  Greenland.     It  is  possible  also,  as  Lyell  suggests,  that  ani- 
mal life  was  originally  scarce ;  for  "  we  read  of  the  waters  being  so 
chilled  and  freshened  by  the  melting  of  icebergs  in  some  Norwegian 
and  Icelandic  fjords  that  the  fish  are  driven  away  and  all  the  mol- 
lusca  kiUed"^    He  also  points  out  most  justly  that,  as  the  moraines 
are  at  the  first  devoid  of  Hfe,  if  transported  by  icebergs  to  a  distance, 
and  deposited  where  the  ice  melts,  they  may  continue  as  barren  of 
every  indication  of  life  as  they  were  where  they  originated.    That 
the  freshening  of  the  water  of  Qords  does  destroy  or  prevent  animal 
life  developing,  I  have  already  shown ;  but  I  doubt  whether  the  chill- 
ing has  much,  if  any  effect;  and  the  recent  researches  of  Carpenter, 
Jefi&eys,  Thomson,  and  others  show  that  the  idea  which  was  sug- 
gested, that  the  sea  might  then  be  too  deep  for  animal  life,  is  without 
foundation ;  for  life  seems,  as  far  as  our  present  knowledge  goes, 
to  have  no  zero  ;  besides,  the  shells  found  in  the  glacial  formations 
are  not  deep-sea  shells.    Again,  we  must  be  careful  to  avoid  con- 
cluding that  the  plant-  and  animal  life  on  the  dreary  shores  or 
mountain-tops  of  ^e  old  glacial  Scotland  was  poor.    In  Greenland, 
the  outskirting  islands  support  a  luxuriant  phanerogamic  vegetation 
of  between  300  and  400  species  of  plants  ^ ;  the  sea  is  fiill  of  fishes 
and  invertebrates,  which  shelter  in  forests  of  Algse.     Plants  even 
ascend  to  the  height  of  4000  feet.    Millions  of  seals  and  whales, 
and  of  many  species,  sport  in  these  waters,  or  are  killed  in  thousands 
every  spring  on  the  pack-ice  or  land-floes.    Every  rock  is  swarming 
and  noisy  with  the  cries  of  water-fowl ;  reindeer  browse  in  count- 
less herds  in  some  of  the  valleys ;  the  Arctic  fox  barks  its  hutc  I 
hfie  I  from  the  dreariest  rocks  in  the  depth  of  winter ;  and  the  polar 
bear  is  on  the  range  all  the  year  round.    Land-birds  from  soutiiern 
regions  come  here  for  a  nesting-place ',  and  from  the  snowy  valleys 
the  Greenlanders  will  bring  in  the  depth  of  winter  sledge-loads  of 
ptarmigan  into  the  Danish  posts.    Life  is  so  abundant  that  the 
Danish  Government  find  it  profitable  to  keep  up  trading-posts  there, 
and  the  collecting  and  preserving  of  the  skins,  oil,  and  ivory  of  the 
native  animals   afford   profitable  employment  to  a    considerable 
population.     Independently  of  the  fish  eaten,  the  seals  used  as  food 
and  clothing,  and  the  oil  consumed  in  the  country,  it  may  not  be 

>  IjreU'g  *  Antiquity  of  Man/  p.  268. 

^  The  present  writer,  in  little  more  than  two  months,  amid  many  other  oocu- 
pations,  oolleoted  on  the  shores  and  in  the  vicinity  of  Disoo  Bay  alone,  129 
species  of  flowering  plants  and  vascular  cryptogams,  more  than  40  mosses  (39 
are  descrihed  in  the  paper  already  mentioned ;  brut  several  additional  have  been 
since  detected  among  the  collection),  11  Hepaticae,  more  than  100  Lichens,  about 
50  Algse,  and  several  Fungi  (see  *  Transactions  of  the  Edinburgh  Botanical 
SocietT,'  vol.  ix.). 

'  About  115  species  of  birds  are  found  in  Greenland. 

3e2      ^  T 
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irrelevant  in  this  light  to  present  the  following  list  of  a  portion 
of  the  annual  exports  of  the  Danish  settlements  in  1855  ^ : — 

9569  barrels  of  seal-oil. 

47809  seal-skins. 

6346  reindeer-skins.  There  is  on  record  the  fact  of  30,000 
being  exported  in  one  year. 

1714  fox-skins. 

34  bear-skins  (the  animal  being  almost  extinct  in  Danish  Green- 
land). 

194  dog-skins  (in  addition  to  the  numerous  teams  used  by  the 
natives). 

3437  lbs.  rough  eider-down. 

5206  lbs.  of  feathers. 

439  lbs.  of  narwhal  ivory  (the  natives  also  using  up  much  tor 
their  implements). 

51  lbs.  of  walrus  ivory  (the  walrus  being  little  pursued). 

And  3596  lbs.  of  whalebone  (very  few  of  the  Bal<jena  mystieetus 
being  killed). 

Add  to  this  that,  when  the  Danes  came  to  Greenland  first,  there  was 
a  population  not  much  less  than  30,000 ;  and  to  this  day  there  lives 
within  the  Danish  possessions  a  healthy,  hearty  race  of  upwards  of 
10,000  civilized  intelligent  hunters  of  narwhal,  seal,  and  reindeer, 
with  schools  and  churches  within  sight  of  the  eternal  inland  ice, 
and  with  a  long  night  of  four  months,  which,  perhaps,  Scotland  had 
not  during  the  glacial  epoch.  I  do  not  believe,  however,  that  our 
shores  were  inhabited  then ;  but  still  I  see  no  reason  why  they 
could  not  have  been ;  and  with  the  bright  skies  and  warm  sunshiny 
days  of  a  Greenland  summer  £resh  in  my  memory,  I  cannot  bring 
myself  to  believe  in  the  poetically  gloomy  pictures  pseudo-scientific 
writers  have  delighted  to  draw  of  the  leaden  skies,  the  misty  air, 
and  unutterable  db^aiiness  of  our  Scottish  shores  in  that  incalcu- 
lably distant  period  when  glaciers  ran  through  our  valleys  from  the 
inland  ice,  and  icebergs  crashed  in  our  romantic  glens,  then  ^ords 
of  that  glacial  coast. 

Thus,  in  the  barest  outlines,  1  have  endeavoured  to  indicate 
what  I  believe  to  be  the  origin  of  the  different  glacier-remains 
of  our  own  country.  Many  facts  in  support  of  the  glacial-ice-cap 
theory  could  have  been  adduced  ;  but  as  these  are  already  familiar 
to  all  geologists,  it  would  merely  be  a  waste  of  space  to  repeat 
them  here,  especially  as  this  is  not  intended  to  be  a  treatise  on 
glacial  remains  in  Britain. 

In  closing  the  paper,  I  may  briefly  recapitulate  the  inferences  to 
be  drawn  from  what  we  see ;  and  in  these  inferences  I  agree  almost 
entirely  with  Mr.  Jamieson,  so  that  it  will  be  only  a  risumi  of 
what  he  has  already,  and  in  a  much  better  manner,  described. 

^  For  it  I  am  indebted  to  my  friend  the  Cheyalier  Rink,  now  of  Copenhagen, 
the  most  eminent  authority  on  all  matters  connected  with  Greenland,  See  also 
my  monographs  of  Greenland  Mammals  in  the  '  Proceedings  of  the  Zoolocicsl 
Society  of  Ix>ndon '  for  1868,  and  in  '  Petermann's  Geographische  Mittbei- 
lungen,'  1869. 
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6.  Inferences  from  the  foregoing  Facts — I  conceive  that  we  are 
justified  in  concluding  from  the  data  which  we  at  present  possess 
that  the  following  were  the  changes  which  Scotland  underwent 
during  the  glacial  epoch : — 

(a.)  That  after  the  Tertiary  period  the  country  was  coYered  with 
a  great  depth  of  snow  and  ice,  very  much  as  in  Greenland  at  the 
present  day ;  but  possibly  some  of  the  mountain-tops  appeared  as 
islands.  During  this  and  the  subsequent  period  glaciers  ploughed 
their  way  down  from  the  inland  ice,  and  icebergs  broke  off  and 
reached  the  sea  through  the  glens,  then  ice-i^ords.  This  glacier- 
ooyering  must,  to  a  considerable  extent,  hare  extinguished  the  pre- 
existing fauna  and  flora,  though  I  do  not  agree  with  Mr.  Jamieson 
that  the  flora  and  fauna  were  wholly  extinguished.  To  this  period 
we  owe  the  ''  till,"  though  I  consider  that  this  till  was  forming  also 
during  the  subsequent  period,  and,  in  fact,  as  long  as  the  country 
was  swathed  in  ice  and  snow.  All  this  period  also  the  laminated 
clays  were  beginning  to  form  from  the  clay-laden  subglacial  rivers. 

(/3.)  Afber  this  the  country  sank  gradually,  as  Greenland  is  now 
sinking,  to  the  depth  of  several  hundred  feet ;  and  during  this 
period  most  of  the  glacial  laminated  fossiliferous  days  were  formed. 
During  this  period  boulders  were  deposited  from  the  icebergs  broken 
off  from  the  glaciers  of  Scotland,  as  well  as  from  the  icebergs  and 
other  floating  ice  drifted  both  from  the  north  and  south,  as  was  also 
the  case  during  the  former  (a)  period.  I  consider  now  that  the  greater 
portion  of  the  boulders  and  other  moraine  was  deposited  from  home 
bergs  ;  for  the  fact  seems  often  to  be  lost  sight  of  by  some  theorists 
that  bergs  broke  off  from  glaciers  of  the  country,  as  well  as  floated 
south  from  Scandinavia.  What  the  extent  of  this  submergence 
was  is  yet  sub  judice.  The  extent  of  submergence  in  Wales  seems 
to  have  been  1800  feet  or  more ;  but  in  Scotland  fossil  shells  of  that 
period  have  never  been  found  much  above  500  feet,  though  Mr. 
Jamieson  thinks  he  saw  marine  beds  as  high  as  1500  feet.  How- 
ever, until  we  have  more  positive  evidence,  we  are  justified  in  con- 
cluding that  from  500  to  600  feet  was  the  amount  of  subsidence. 
It  is  very  suggestive  that,  on  comparing  Lyell's  Map  of  Britain  sunk 
600  feet  *,  the  very  paHs  under  the  sea  are  almost  identically  those 
on  which  the  greatest  arnount  of  fossUiferous  Boulder-clay  is  now 
found, 

(y.)  The  country  seems  then  to  have  emerged  from  the  water, 
but  no  doubt  slowly,  until  the  glaciers  finally  left  the  country,  un- 
less, perhaps,  as  in  Norway,  in  the  mountains,  though  it  appears 
that  the  rivers,  from  the  melting  of  the  ice  and  the  glaciers  tliem- 
selves,  had  disarranged  the  beds  considerably,  leavii:^  behind  them 
much  debris  of  rocks  &c.^ 

»  *  Antiquity  of  Man/  p.  287,  fig.  40. 

^  Hitherto  this  hiu  bnen  argued  on  hypothetical  grounds ;  but  since  this  paper 
was  written,  in  a-  memoir  read  before  the  Edinbur^  (Jeolo^cal  Society  (May  6, 
1869,  *  Transactions,'  vol,  i.  p.  330,  and  •  Qeol.  Mag.'  vol.  vii.  p.  296),  "On  two 
River  Channels  buried  under  the  drift,"  by  Mr.  James  CroU,  of  the  Geological 
Survey  of  Scotland,  this  rise  has  been  lifted  out  of  the  range  of  hypothesis  into 
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(3.)  By  this  time  the  oonntry  was  nmcli  higher  than  now,  and, 
the  land  being  connected  with  the  Continent,  the  bulk  of  the  pre- 
sent flora  and  fauna  crept  into  it  from  yarions  qnarters^  though  ^e 
alpine  plants  still  kept  possession  of  the  higher  mountain-regions 
daring  a  great  portion  of  this  epoch.  The  red  deer,  the  great  Irish 
elk,  great  wild  bull,  the  musk-ox,  the  brown  bear,  and  the  reindeer 
in  all  probability  appeared  about  this  time,  though  I  am  not  alto- 
gether sure  that  some  of  them  did  not  hold  possession  of  the  tops 
of  the  mountains  even  during  the  period  of  submeigenoe. 

(e.)  A  depression  now  took  place,  and  the  estuarine  beds  or 
carses  of  the  Scottish  riyers  were  formed.  Much  of  the  foeailiferous 
boulder-day  formed  as  I  haye  described  it  is  now  under  the  sea ; 
off  the  coast  we  continually  dredge  up  remains  of  its  fauna.  Kan 
had  also  by  this  time  got  into  the  country ;  and  it  is  possible  that 
he  was  there  during  tiie  former  epoch,  haying  trayelled  oyerland 
from  the  Continent  at  a  period  when  the  Thames  was  a  tributary  of 
the  Bhine,  and  our  other  riyers  had  not  settled  down  in  their  beds, 
though  for  long  periods  previous  to  this  the  general  contour  of  our 
country  was  as  it  is  just  now,  only  its  boundaries  were  not  settled. 

((.)  The  land  after  this  seems  to  haye  risen,  in  all  probabili^ 
to  its  present  leyel ;  for  we  have  no  certain  eyidenoe  that  since  the 
dawn  of  history  there  were  any  oscillations  of  level  These  latter 
changes  I  have  touched  but  sightly  on,  as  they  do  not  conoem  our 
subject  so  much  as  the  former. 

CoNCLUsioK. — I  have  thus  given  what  I  honestly  conceiye  to  be  a 
correct  description  of  glaciation  in  Grreenland,  with  logical  deduc- 
tions regarding  glaciation  in  Britain  and,  by  context,  in  northern 
Europe.  The  paper  resolves  itself  into  two  parts : — 1st,  fact ;  2nd, 
theory.  Still  our  &cts  are  too  few  to  allow  any  theory  to  be  more 
than  tentative ;  and  it  is  only  by  making  frequent  ventures,  and  being 
content  to  see  our  first  efforts  &il,  that  we  can  ever  arriye  at  any 
conclusions  regarding  the  glacial  epoch  in  Scotland.  Though  we 
have  a  number  of  so-called  facts  ready-made  to  our  hand,  yet  the 
difficulty  is  to  believe  them,  simply  because  thd  recorders,  tiiou^ 
perfectly  honest  and  upright,  see  these  facts  through  a  precon- 
ceived theory,  and,  unknown  to  themselves,  twist  them  into  a  form 
which  will  support  th^r  views,  and  omit  (unintentionally)  to  record 
the  very  things  most  necessary  to  be  observed.  I  conceive,  however, 
that  we  are  on  the  right  track,  and  that  it  is  only  by  long  obser- 
vation of  the  glacial  system  of  Greenland  (because  in  Spitsbergen 
the  glaciers  are  on  sudi  a  small  scale  as  to  show  us  glaciation  but 
imperfectly  ^)  that  we  can  ever  arrive  at  a  sound  knowledge  of  the 

that  of  theory  foanded  on  asoertained  faaolta.  An  ancient  river-bed  ahowa  that 
at  the  time  of  ita  formation  Scotland  must  have  been  at  least  260  feet  higher 
than  the  present  lerel ;  and  the  river  which  flowed  in  it  most  likely  was  a  tri- 
butary of  the  Rhine.  Whether  we  can  agree  with  Mr.  CroU,  however,  in  be- 
lieving the  glacial  "period"  to  have  been  a  succession  of  heats  and  oolds,  re- 
quires further  consideration  of  fieusts. 

^  Spitsbergen,  like  all  the  high  Arctic  islands  of  any  size,  has  an  "  inland 
ice  "  and  glacier-system  of  its  own ;  but  it  is  too  intersected  by  Qords  and  broken 
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causes  of  the  gladation  or  ioe-markings  of  Europe.  Nature  never 
works  by  one  means  alone,  but  accomplishes  her  ends  by  many 
agents,  iJl  working,  each  in  due  proportion,  towards  the  same  end. 
80  in  these,  glaciers  have  accomplished  much,  but  bergs  and  sea- 
ice  have  also  done  their  part  in  forming  the  glacier-remains  of 
Britain  and  other  portions  of  the  world.  The  &ult  of  all  the  theorists 
is  to  suppose  that  the  means  they  are  advocating — glaciers,  bergs,  or 
sea-ice — alone  accomplished  the  end  in  question.  If  any  one  can 
give  me  a  better  explanation,  then  I  will  gladly  give  up  my  own. 
Only  if  my  theory  is  rejected  then  mj  facts  must  be  accounted  for, 
and  it  mtist  be  eAiown  how  this  great  deposit  of  clay,  which,  as  the 
laws  of  nature  are  constant,  must  have  been  forming  ui  the  glacial 
epoch,  is  to  be  accounted  for.  There  are  difficulties  in  the  way  ; 
but  as  the  best  theory  is  the  one  which  explains  the  greatest 
amount  of  appearances  most  reasonably,  and  as  we  can  only 
reason  regarding  the  past  from  what  we  see  going  on  at  present, 
I  humbly  submit  there  is  some  degree  of  truth  (at  least)  in  the 
theory  I  have  ventured  to  submit. 


10.  On  an  Altebed  Clat-beb  and  Sbction  in  Tidrswbix  Dale, 
Debbtsbxbb.    By  Bev.  J.  M.  Mello,  M.A.,  E.G.S.,  &c. 

The  object  of  my  present  communication  is  to  call  attention  to  an 
interesting  section  that  has  lately  been  exposed  in  a  quarry  on  the 
eastern  .side  of  Tideswell  Dale  in  Derbyshire.  The  locality  is  ex- 
actly pointed  out  by  the  words  "  Tideswell  Dale  "  in  the  Ordnance 
Map  No.  81,  8.E.  At  this  spot  it  will  be  seen,  by  a  reference  to 
the  map  of  the  Geological  Survey,  that  an  outcrop  of  toadstone  occurs. 
Another  outcrop  of  toadstone  is  also  exposed  by  the  railway-cutting 
on  the  right  bank  of  the  Wye,  opposite  Litton  Mill ;  this  rock  is  folly 
described  in  the  recently  published  memoir  of  the  Geological  Survey 
relating  to  this  county.  Above  this  are  found  thinly-bedded  lime- 
stones; whilst  lower  down  the  river  the  toadstone  is  wanting,  and  a 
considerable  thickness  of  fossiliferous  limestone  occurs  with  <*  thin 
lenticular  partings  of  shale  and  red  clay."  At  the  bottom  of  Miller's 
Dale  a  toadstone,  capped  by  about  150  feet  of  Umestone,  is  seen 
running  along  the  roadside  on  the  left  bank  of  the  river ;  this  bed 

up  into  islands  to  produce  tmy  large  bergs.  Between  the  north-east  point  of 
Spitzbergen  and  Greenland  there  are  no  icebergs  until  we  reach  the  Greenland 
coast,  where  a  few  of  inconsiderable  size  are  found,  no  doabt  formed  in  some  of 
the  East  Greenland  fjords.  Vide  Chydenius,  *  Srenska  Expeditionen  til  Spits- 
bergen, &r  1861,  under  ledning  af  Otto  Torell,*  &c.,  1865,  for  many  valuable 
details  on  this  subject ;  and  some  interesting  notes  by  Mr.  James  l!Amont  on 
Spitzbergen  in  the  *  Quart.  Joum.  GeoL  Soc.'  (1860),  vol.  xri.  pp.  150  &  428. 
Prof.  Torell,  of  Lund,  is  at  present  engaged  on  this  subject ;  and  from  hiv  re- 
searches much  new  light  may  be  expected  to  be  thrown  on  the  glacial  remains 
of  Scandinayia,  obserrations  regarding  which,  by  many  eminent  Scandinavian 
naturalists,  haye  greatly  elucioated  tiie  subject.  Wiuiout  being  inyidious,  I 
may  cite  Sars's  '  Jaeltagelaer  over  den  Glaciale  Formation  *  (Universitets  Pro- 
gram, Christiania,  1860)  as  being  of  much  value  to  English  students  of  glacial 
clays. 
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is  hard  and  massiye  in  part,  with  calcareous  veins  and  haematite, 
and  is  also  amygdaloidal  except  where  it  has  been  exposed  to  the 
atmosphere ;  it  is  then  vesicular  and  in  places  much  decomposed. 
An  upper  bed  immediately  beneath  the  limestone  is  very  green 
and  soft,  is  veined  with  caldte,  and  has  also  here  and  there  a  little 
iron  pyrites  ;  the  limestone  above  is  very  hard,  and  also  has  specks 
of  pyrites  in  it.  Going  on  now  up  Tideswell  Dale  by  the  private 
road,  we  soon  reach  the  toadstone  mentioned  at  the  commencement 
of  this  paper ;  and  this  toadstone,  I  am  incHned  to  think,  is  of  the 
same  age  as  that  opposite  Litton  Mill,  although,  as  will  be  shown, 
it  differs  from  it  in  some  respects. 

I  will  now  proceed  to  describe  the  rocks  as  seen  in.  the  quarry  (fig.  1 ). 
Beneath  a  thin  layer  of  surface-soil  on  the  slope  of  the  hill  is  a  bed 
of  toadstone  (a^)  ;  the  upper  portion  of  this  bed  is  much  broken  up 
and  decomposed,  and  contains  curious  concretionary  balls  of  all  sizes, 
from  that  of  a  walnut  up  to  that  of  a  large  cannon-ball ;  large 
rounded  lumps  are  also  stated  to  occur  in  the  toadstone  opposite 
Litton  Mill.  Underneath  this  upper  portion  of  the  rock  the  toadstone 
is  shattered  into  large  blocks  of  indefinite  shape,  yellow  out^de 
from  thfl  effects  of  weathering,  but  within  of  a  very  dark  green  (o*) ; 
this  rock  is  extremely  hard  and  dense,  and  will  readily  scratch  glass. 
I  have  not  analyzed  it,  but  should  consider  it,  judging  from  its 
appearance,  to  be  a  dolerite.  Li  the  quarry  it  attains  a  thickness 
of  9  or  10  feet ;  this  passes  downwards  into  a  coarse  and  much  de- 
composed bed  (a'),  which  is  partly  amygdaloidal,  partly  vesicular, 
and  about  2  feet  thick :  some  of  its  cavities  contain  wad  (earthy  bin- 
oxide  of  manganese)  in  a  state  of  fine  powder ;  others  are  filled  with 
a  mineral  which  has  somewhat  the  appearance  and  feel  of  steatite. 

Some  of  the  prisms  of  the  rock  next  to  be  described  are  coated 
with  a  mineral  which  has  a  similar  greasy  feel ;  to  this  rock  I  wish 
to  call  particular  attention.  Immediately  beneath  the  toadstone 
rocks,  and  without  any  very  apparent  sharp  line  of  definition,  save 
perhaps  at  one  part  of  the  quarry  (where  the  boundary  line  appears 
rather  sharper),  lies  a  thick  bed  of  apparently  indurated  red  day,  at 
least  three  yards  thick  (6).  This  bed  presents  a  very  remarkable 
appearance,  being  perfectly  columnar  or  prismatic,  the  prisms  vary- 
ing in  thickness  from  5  or  6  inches  to  about  1  inch,  whilst  they 
are  about  8  or  9  feet  long ;  their  lower  ends,  however,  are  not  well 
seen,  being  buried  in  dSbris,  the  prisms  readily  breaking  up  and 
crumbling.  At  the  north  side  of  the  quarry  (fig.  1)  this  columnar 
clay  presents  a  very  strange  appearance,  reminding  one,  but  for  the 
colour  of  the  basdtic  rock,  of  the  Giant's  Causeway  :  the  columns 
here  attain  their  maximum  thickness,  and  are  well  exposed  for 
many  yards,  contrasting  somewhat  sharply  with  the  rock  above. 
Their  position  is  nearly  vertical,  although  at  the  bottom  slightly 
bent.  On  the  western  side  they  are  again  seen,  but  are  of  much 
smaller  diameter,  and  are  inclined  at  an  angle  of  64°,  whilst  a  little 
further  on  they  lie  almost  horizontally,  and  present  an  appearance 
which  was  not  inaptly  described  by  one  of  the  quarrymen  as  re- 
sembling a  mass  of  corks. 
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Turning  next  to  the  south  of  the  quarry,  once  again  the  red 
priflms  are  seen  at  an  angle  of  38^.  This  strange-looking  rock 
passes  downwards  into  a  coarse  greenish-looking  bed,  composed  of 
fragments  of  limestone  and  partings  of  greenish-yellow  day  (c) ;  and 
this  forms  a  '^  wadding ''  to  a  series  of  very  excellent  ornamental 
marbles,  which  form  three  principal  beds  with  their  partings ;  these 
marbles  are  full  of  corals,  the  ramifications  of  which  give  them  their 
beautiful  variegated  appearance. 


Fig.  1. — Section  of  altered  Clay -bed  in  Tideswell  Dale, 


a*. 

h. 
c. 
d. 


Toadstone  with  concretionary  balls ] 

„        very  hard,  dark  green,  and  compact  I  about  12  ft. 
„        amygdaloidal  and  vesicular J 

Prismatic  (clay  ?),  9  ft. 

Clay  and  Limestone,  "  wadding." 

Marble  with  Corals,  facing  south. 


With  regard  to  the  red  clay  just  described,  the  question  which 
suggested  itself  to  me  was,  whether  it  was  a  greater  local  develop- 
ment of  that  before  mentioned  as  occurring  in  thin  partings  in  the 
limestone  near  Litton  tunnel.  I  am  not  aware  of  any  other  locality 
in  the  county  where  the  clay  is  found  altered  as  this  is,  and  par- 
taking of  the  columnar  character,  which  must  have  been  caused,  I 
presume,  by  the  heating  effects  of  the  overflow  of  the  toadstone,  and 
subsequent  contraction  under  pressure.  I  have  seen  brick-clay  that 
has,  on  a  small  scale,  become  beautifully  prismatic  after  heating ; 
and  we  have  instances  of  clays  and  other  rocks  being  altered  and 
rendered  more  or  less  perfectiy  columnar  through  proximity  to  erup- 
tive rocks.  I  cannot  do  better,  in  conclusion,  than  quote  a  re- 
mark made  by  Mr.  D.  Forbes  a  short  time  since  in  reference  to  the 
igneous  rocks  of  Staffordshire.  He  said  that  "  the  sedimentary  rocks 
in  contact  with  these  were  themselves  frequentiy  so  altered  as  to 
present  in  themselves  a  columnar  structure  or  jointing,  in  some 
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cases  quite  or  even  more  perfect  than  in  the  igneous  rock  itself ; 
and  a  bed  of  day-ironstone  at  Ponk  Hill  was  found  jointed  into 
regular  hexagonal  columns  hy  the  heating  and  subsequent  cooling 
and  contraction,  due  to  the  proximity  of  the  igneous  rock  which 
formed  the  boss  of  Ponk  HiiL  Numerous  other  examples  could  be 
cited.''  

11.  Observations  on  Icb-mabks  in  IXewfowstdiasd. 
By  Staff-Commander  J.  H.  Kerb,  B.N. 

(Communioated  by  Sir  R.  I.  Murchison,  Bart,  F.B.S.,  F.G^.) 

[Abstract] 

Whilst  engaged  on  the  survey  of  part  of  tiie  coast  of  Newfound- 
land, the  author  observed  and  noted  some  of  the  phenomena  produced 
by  the  former  action  of  ice.  In  this  paper  he  enumerated  the  fol- 
lowing-localities where  grooves  and  scratches  were  noticed,  and 
indicated  the  direction  of  these  markings. 

Ice-marhs  observed  in  Newfoundland. 


No. 


Flam. 


Height  in 
feet  above 
high  water. 


Direction  from  true 
meridian. 


Ghx>OTes.    Scratches. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 
21. 
22. 
22a. 

23. 
24. 
25. 
26. 
27. 
28. 


CoNCBPTioH  Bat. 

Brigus  North  Head  

James  Point   

Burke  Point   

Campbell's  Hill 

Cat  Point    

Blue  Hills  

Gkwtries  

Long  Hill  

Holy-rood,  west  tide 

»»  «» ._    

t,         eastside 

Bare  Shoulder    

Butterpot    

Topsail  Head 

Little  Bell  Island  

About  St.  John's. 

South  side  of  Harbour 

»f  »»  »»        

If  If  »f        ••  ••• •••' 

II  II  i»        

North  aide  of  Torbay 

Flat  Eock    

North  side,  Signal  Hill 

North  op  Bonavista  Bat. 

Ladle  Island  

One-Tree  Hill  (W.  side  of  Pool's  Harbour) 
Pudding  Hill  (        „  „  „      ) 

Shoe  HUls  

Shoe  Point 

Lewis  Island  


50 


N.60E. 

N.38E. 


8 
434 

N.47B. 

4 
839 

8 
458 
200 

N.43E. 
N.43E. 
N.39E. 

3 

6 
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H.W. 
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50 

260 
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437 

676 

300 

50-300 
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30 
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S.72E. 

143 

360 

214 
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N.31E. 
N.21E, 
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N.30E. 
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N.34W. 
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N.64E. 
N.64R 
N.64E. 
N.64E. 
S.86E. 
S.76E. 
N.84E. 
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S.66E. 
S.66E. 
S.70E. 
S.70E. 
S.88E. 
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At  Bnrke  Point  (No.  3)  is  a  groove  22  feet  wide  and  20  inches 
deep,  rising  oat  of  the  water  S.W.  for  a  distance  of  70  feet  over  a 
steep,  policed  and  scratched  smiaoe,  at  an  angle  of  about  40^  to 
the  horizon ;  in  this  groove  there  are  two  sets  of  scratches,  one  in 
the  direction  of  the  groove,  the  other,  and  more  recent  one,  in  a 
direction  N.  31°  E.  On  Campbell's  Hill  (No.  4)  there  are  numerous 
boulders,  many  of  them  curiously  poised.  At  Cat  Point  (No.  5) 
there  are  grooves  on  perpendicular  surfaces  just  above  the  level  of 
the  sea,  very  similar  to  those  occurring  on  the  Blue  Hills  (No.  6),  at 
a  considerable  altitude.  The  west  side  of  Signal  Hill,  north  of  St. 
John's  Harbour  (No.  22a)  has  the  surfaces  of  the  highly  inclined 
strata  of  coarse  sandstone  smoothed,  grooved,  and  scratched  at  all 
angles  of  inclination.  The  marks  are  lost  at  the  eastern  edge  of 
the  hill,  which  forms  a  precipice  300  feet  high,  bounding  a  valley 
1000  feet  wide,  running  N.E.  and  S.W.,  and  they  reappear  on  the 
opposite  boundary  of  this  valley,  which  rises  about  80  feet,  and  con- 
sists of  highly  indined  strata  of  coarse  conglomerate.  After  passing 
over  about  1000  feet  of  this  conglomerate,  the  marks  disappear  at 
the  sea- shore. 

*  North  of  Bonavista  Bay  the  granite  has  the  rounded  appearance 
of  a  glaciated  region ;  but  the  rock  is  easily  weathered,  and  the 
scratches  had  to  be  sought  under  perched  blocks.  On  Ladle  Island 
(No.  23)  there  is  a  groove  10  feet  wide  and  12  inches  deep,  ex- 
tending completely  across  the  island  (a  distance  of  200  yards).  The 
surface  of  the  island  is  formed  by  the  edges  of  highly  inclined  beds 
of  schist. 

The  author  discussed  the  extent  and  effects  of  the  glaciernsystem 
to  which  these  markings  are  due,  and  indicated  that  its  great  ter- 
minal moraine  is  probably  the  80-fathom  bank  across  the  mouth  of 
Conception  Bay,  and  that  smaller  terminal  moraines  exist  in  the 
form  of  submerged  banks  at  the  entrance  of  Holy-rood  and  Col- 
lier's Bays.  He  expressed  the  opinion  that  the  country  has  not 
been  submerged  since  its  glaciation,  and  considered  that  the  as- 
sertion that  it  is  now  rising  is  exceedingly  doubtful. 

The  paper  was  illustrated  with  numerous  drawings  of  localities 
and  rubbings  of  scratched  surfaces. 


Digitized  by 


Google 


Digitized  by 


Google 


THE 


QUARTERLY  JOURNAL 


GEOLOGICAL  SOCIETY  OF  LONDON. 


THE  ASSISTANT-SECRETARY  OF  THE  GEOLOGICAL  SOCIETY. 

VOLUME  THE  TWENTY-SIXTH. 

1870. 


PART  II.    MISCELLANEOUS. 


Digitized  by 


Google 


Digitized  by 


Google 


CONTENTS  OF  PART  II. 


AlphahdicaUy  arranged-^the  Names  of  the  Authors  in  capital  letters. 


Algaa,  Liying  and  Foadl,  A.  Bou*  on 12 

Alpsy  E.  Svsss  on  the  Occurrence  of  FusulinaB  in  the 3 

AmmoniteBy  Dr.  W.  Waaobn  on 8 

Balin,  near  Cracoviay  Cephalopoda  from  the  OoHte  of,  Dr.  M.  Nbu- 

HAYBonthe 0 

Bathony  Forest  (S.W.  Hungary),  E.  v.  Mojsisovics  and  M.  v. 

Hantken  on  the  Ocnian,  Dogger,  and  liaa  Limestone  of  the. ...  10 

Bknbckb,  M.  N.    On  the  Geology  of  the  Odenwald 16 

Boui,  A.    On  Liying  and  Fossil  Alga  12 

Carboniferous  Limestone  and  Culm  of  Lower  Silesia,  Dr.  E.  Tibtze 

on  the  Fauna  of  the 13 

Cephalopoda  from  the  Oolite  of  Balin,  near  Cracoyia,  M.  Nbumayb 

on  the   9 

Cephalopods,  £.  Subss  on  the  Structure  of  the  Spiral  Shell  of   11 

Coelacanthus,  Dr.  v.  Willbmoos-Suhm  on    12 

Culm  and  Carboniferous  Limestone  of  Lower  Silesia,  Dr.  R  Tietzs 

on  the  Fauna  of  the 13 

DsLESSE,  M.     On  the  Lithology  of  the  Seas  of  the  Old  World 5 

Devonian  Entomostraca,  M.  P.  Richteb  on  9 

Dogger,  Ocnian,  and  Lias  Limestone  of  the  Bathony  Forest  (SfW. 

Hungary),  E.  v.  Mojbibovicb  and  M.  v.  Hantken  on  the 10 

Entomostraca,  M.  P.  Richteb  on  Devonian 9 

Ettingbhausbn,  C.  v.    On  the  Tertiary  FlorajDf  Badoboj 13 

Fauna  of  the  Culm  and  Carboniferous  Limestone  of  Lower  Silesia, 

E.  Tibtze  on  the 13 

Flora,  Tertiary,  of  Radoboj,  C.  v.  Ettingbhauben  on  the 13 

Fossil  Typhaceae,  Prof.  E.  Ungeb  on 9 

FusulinsB,  E.  Subsb  on  the  Occurrence  of,  in  the  Alps 3 

Geology  of  Roumelia,  F.  von  Hochbtbtteb  on  the 1 


Digitized  by 


Google 


OeoLogy  of  the  Odenwald,  M.  N.  Bbnbckb  on  the    16 

Haxtksn,  M.  v.,  K  v.  MoJsiBoyics  and.    On  the  Ocnian,  Dogger, 

and  Lias  Luneetone  of  the  Bathony  Forest  (S.  W.  Hiingaiy)    10 

ITocHSTXTTKBy  F.  VON.   On  the  Geology  of  RonmeKa 1 

Hungary,  S.W.,  Ocniany  Dogger,  and  lias  Limestone  of  the  Bathony 

Potest,  R  V.  M0J8IBOVIC8  and  M.  ▼.  Hantkbn  on  the 10 

Lias  limestone,  Ocnian,  Dogger,  and,  of  the  Bathony  Forest  (S.W. 

Hungary),  R  v.  Mojsisotics  and  ^L  v.  Hantkbn  on  the 10 

Litholqgy  of  the  Seas  of  the  Old  World,  M.  Dblbbsk  on  the  . . 5 

Mojsisotics,  E.  v.,  and  M.  v.  Hantkrn.    On  the  Ocnian,  Dogger, 

and  Lias  limestone  of  the  Bsthony  Forest  (S.W.  Hungary) 10 

XErMATB,  Dr.  M.    On  the  Cephalopoda  from  ^e  Oolite  of  Balin, 

near  CracoTia  9 

(.Vnian  (Trias),  Dogver,  and  Lias  limestone  ci  the  Bathony  Forest 

(^SwW.  Hungary)^^  v.  Mojsisotics  and  M.  v.  Hantkbn  on  the  10 

Odenwald,  Geology  of  the,  M.  N.  Beneckb  on  the  16 

Oolite  of  Batin,  M.  NxrMATB  on  the  Cephalopoda  from  the 9 

Radoboj,  C.  v.  EmNOSHArsKN  on  the  Tertiary  Flora  of 13 

RiCKTBB,  M.  P.    On  DeTonian  Entomostraca   9 

Roumefia,  F.  ton  Hochstbtter  on  the  Geology  of 1 

Seas  of  the  Old  Worid,  M.  Dki.b8SB  on  the  lithology  of  the 6 

Silesia,  Lower,  R  Tiktzb  on  the  Fauna  of  the  Culm  and  Carbonife- 

IVN15  limestone  of  13 

SrBSS,  R    On  the  Oecunenoe  of  FnauliiuD  in  the  Alps 3 

.    On  the  Stmctme  of  the  Spiral  Shell  of  Cephalopods    11 

TerdaiT  Floim  of  Radoboj,  R  t.  RmNOfiHAUSBN  cm  the  13 

TiKTzx,R  On  the  Frana  of  the  Cufan  and  Ottboniferoas  limestone 

of  Loww  Silesia 13 

TSrphac««,  Fossil,  Prot  R  Ungke  on 9 

UxGEB,  R   On  Fossil  Typhaoe« 9 

WxAtiSN,  W,    On  Ammonites 3 

WnxsMiXi^-SrHM.  Dr.  ^x.    On  CiBlaeanthas   12 


Digitized  by 


Google 


TRANSLATIONS  AND  NOTICES 

OF 

GEOLOGICAL  MEMOIRS. 


On  ike  Gkoloot  of  Rouuelia.     By  Prof.  F.  von  Hochstbttsr. 

[Proo.  Imp.  Oeol.  InsL  Vienna,  NoTember  16,  1869.] 

Pbofbssob  H0CH8TBTTEB  has  aocompamed  M.  W.  Pressel  on  a  tour 
through  part  of  European  Turkey.  The  region  explored  by  him 
occupies  an  area  of  about  800  Austrian  square  miles,  stretching 
through  about  80  miles,  firom  the  river  Morawa  to  the  Bosphorus, 
with  an  average  width  of  10  miles,  from  the  Balkan  to  the  Bhodopi. 
He  distinguishes  the  following  districts  : — 

1.  Hie  Cretaceous  plateau  between  Eusts^uk  and  Varna. — The 
mass  of  plateaux  and  flattened  mountains,  with  a  maximum  altitude 
of  1200  feet  above  the  sea-level,  from  the  northern  base  of  the 
Balkan,  near  Schiunla  and  Razgrad,  to  Bustschuk  on  the  Danube, 
is  composed  of  a  system  of  nearly  horizontally  stratified  calcareous 
marls,  green  sandstones,  and  Oolitic  limestones.  Abundant  remains 
of  Cephalopoda  (Belemnites,  AmmoniteSy  Baculites,  Hamitesy  &c.) 
found  in  the  quarries  of  Schendeinschick,  in  a  rock  exactly  resem- 
bling the  marls  of  the  Flanerkalk,  show  that  these  deposits  belong  to 
the  Cretaceous  series.  These  sub-Balkanian  Cretaceous  rocks  have 
a  northern  European  type,  as  has  already  been  remarked  by  Prof. 
Peters  with  regard  to  the  contemporaneous  deposits  in  the  Dobrud- 
scha.  Well-marked  Nummulitic  Limestones  (described  by  Capt. 
Spratt  in  the  Quart.  Joum.  Geol.  Soc.  vol.  xiii.)  occur  round  Yama, 
and  Sarmatian  deposits  cover  a  very  limited  space  in  the  immediate 
vicinity  of  that  place. 

2.  The  Byzantine  peninetda  is  composed  of  Devonian  strata  and 
of  Tertiary  Limestones.  The  latter  are  of  Eocene  age  at  Jarim 
Burgas,  and  of  Neogene  date  at  Makrikioi.  The  range  of  Tscha- 
taldsche  rises  Kke  an  island  out  of  these  Tertiaries.  Eruptive  rocka 
of  Trachytic,  Dioritic,  and  Andesitio  nature  are  conspicuously  de^ 
veloped  on  the  shores  of  the  Bosphorus. 

3.  The  Lower  Maritza  or  Adrianople  hdgin, — ^This  is  bounded 
on  the  north  by  a  range  formed  of  Eocene  Limestone,  resting  im- 
mediately on  gneiss,  near  Sarai,  Visa,  Eirklisi,  <&c.  The  interior  of 
the  basin,  which  is  furrowed  by  innumerable  watercourses,  is  filled 
up  with  Newer  Tertiary  and  diluvial  freshwater  deposits.  Prof. 
Hochstetter  nowhere  met  with  traces  of  Neogene  marine  deposits 
south  of  the  Balkan. 

4.  The  region  of  the  river  Tundscha, — Between  Adrianople  and 
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Jamboli  this  river  nins  Uirongh  an  extensiye  *'  massif"  of  granite 
and  gneiss,  the  summits  of  which  attain  an  altitnde  of  3000  feet. 
Towuds  the  south-west,  between  Adrianople  and  Philippopoli,  this 
is  connected  with  the  primitive  ''massif"  of  Despoto  Dagh  or 
Rhodopi. 

5.  The  eruptive  district  of  Jamholi,  Aidos,  and  Burgas^  situated 
on  the  Black  Sea,  between  the  *'  massif"  of  Tundscha  and  the  Balkan, 
presents  an  abundance  of  Doleritic  cones,  possessing  aU  the  cha- 
racters of  extinct  volcanoes,  and  is  connected  with  vezy  extensive 
submarine  deposits  of  tuff  containing  organic  remains  of  Cretaceous 
character. 

6.  The  (kain  of  the  Balkan, — A  fissure  of  dislocation  ninning 
continuously  from  fiuigas,  on  the  Black  Sea,  to  the  region  of  Piiot  or 
Scharkioi,  north-west  of  Sofia,  corresponds  with  the  south  slope  of 
the  Balkan.  From  the  Black  Sea  to  Sliwno  the  escarpment  or 
southern  slope  of  the  chain  is  composed  of  Eocene  or  Cretaceous 
deposits,  disrupted  by  porphyries.  West  of  Sliwno,  from  Tschipka 
to  Karlowa,  granite,  gneiss,  and  micaceous  and  argillaceous  slates 
make  their  appearanoe.  On  the  northern  border  of  the  basin  of 
Sofia,  Triassic  sandstones  and  limestones  complete  the  southern  mar- 
gin of  the  chain.  Hot  springs  and  an  almost  uninterrupted  series  of 
most  diversified  eruptive  rocks  mark  the  course  of  the  chief  fissure 
of  the  Balkan.  The  highest  summits  (6000-7000)  feet)  are  between 
Sliwno  and  Sofia. 

7.  The  Intermediate  MouiOain-ranges, — These  are  the  Earadseha 
Bagh  (highest  summit  3500  feet)  between  Eski  Saara  and  Eisanlik, 
and  the  Sredna  Gora  (highest  point  about  5000  feet)  north  of  Philip- 
popoli.  These  chains  form  portions  of  a  granitic  and  syenitic  ''mas- 
sif," which  has  sunk  down  between  the  Balkan  and  the  Rhodopi  and 
become  overlain  by  a  series  of  mesozoic  strata. 

8.  The  Upper  Basin  of  the  Afaritza  (Plain  of  Philippopoli)  .— 
This  is  wholly  covered  with  diluvia  and  alluvia,  frx>m  wfaidi  syenitic 
cliffs  (the  summits  of  the  sunken  "  massif")  project  near  PhilippopoU. 

9.  The  Bhodopi  or  Despoto  Dagh, — This  is  bounded  on  tiie  east 
by  the  lower  Maritza,  and  on  the  west  by  the  river  Struma  (Stry- 
mon).  Its  highest  summit  rises  to  9000  feet ;  and  it  forms  an  ex- 
tensive primitive  "massif"  with  many  eruptive  Trachytes  of  later 
date,  and  with  local  Eocene  and  Miocene  freshwater  deposits,  some 
with  seams  of  Brown  coal,  at  an  altitude  of  from  2000  to  3000  fieet 
above  the  sea-level. 

10.  The  district  of  Vitosch. — ^The  Yitosoh  mountain  is  a  colossal 
syenitio  "  massif,"  rising  7000  feet  above  the  sea-leveL  From  it 
the  chief  rivers  of  European  Turkey  (the  Maritza,  the  Struma,  the 
Isker,  and  the  Morawa,  or  rather  its  affluent  the  Nischawa)  take 
their  origin.  The  foundations  of  this  district  consist  of  ancient  crys- 
talline  rocks,  with  "  massifiB  "  of  syenite  and  granite.  A  mass  of 
Triassic  deposits  rests  upon  them,  and  is  overlain  by  a  vast  system 
of  limestones  (perhaps  Jurassic)  interrupted  here  and  there  by  Cre« 
taceous  deposits  and  newer  Tertiary  basins  with  Brown  coal. 

11.  Tfie  small  basins  ahng  the  foot  of  the  Balkan,  such  as  those 
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of  Jamboli,  Sliwno,  Eisanlik,  Sofia,  Dabnitza,  Radomir,  <Src.,  were 
occupied  by  freshwater  lakes  during  the  Fosttertiary  period. 

12.  The  distrkt  of  the  Upper  Morawa, — This  river  breaks  through 
lofty  crystalline  mountaiu-groupe  (summits  6000  feet)  between 
Wrangia  and  Leskowatz.  Towards  the  south-east  this  group  is  con- 
nected with  the  crystalline  "  massif"  of  the  Bhodopi,  and  consists  of 
gneiss  and  mica-  and  day-slates,  with  numerous  lo^  eruptions  of 
trachyte  and  rhyolite,  swelling  into  large  masses,  and  connected 
with  vast  deposits  of  tu£&.  [Count  M.] 

On  ihe  Occurrence  of  Fvsulin js  in  the  Alps. 
By  Professor  E.  Sxjbss. 

[Proo.  Imp.  Geol.  InsL  Yienna,  January  4,  1870.] 

MM.  EcBTTEBLB  and  Peters  distinguished  three  members  in  the  Car- 
boniferous formation  of  the  Alps,  namely,  the  Upper  and  Lower 
Carboniferous  Limestones,  and  an  intermediate  member,  sometimes 
containing  anthracite,  and  composed  of  ahales,  sandstones,  and  con- 
glomerates. Prof.  Suess  accepted  this  division,  which  agrees  closely 
with  that  of  the  Carboniferous  formation  in  Russia  and  a  great  part 
of  North  America;  and  in  a  communication  to  the  Vienna  Academy 
of  Sciences  (16  January,  1869)  he  compared  the  Upper  Carboni- 
ferous Limestone  of  the  southern  Alps  to  the  Russian  FusuUnti' 
limestone.  This  view  has  now  been  confirmed  by  the  discoveiy  in 
the  uppermost  part  of  the  Carboniferous  series  in  the  Canal-Thai 
at  Uggowitz,  of  a  minute  broadly  ovate  fossil  which  agrees  with  the 
Fustdina  rohusta  of  Meek  (Palseont.  of  California,  p.  3).  The  same 
species  occurs  also  in  the  Upper  Carboniferous  Limestone  in  the 
Government  of  Wologda,  where  it  is  accompanied  by  the  smaller 
elongated  form  known  a^  Fusuiina  cylindrica  (Fischer).  In  Ame- 
rica two  or  three  other  species  are  distinguished. 

Prof.  Suess  remarks  upon  the  wide  extension  of  this  Fustdina- 
limestone,  which  he  regards  as  forming,  in  the  Northern  hemisphere, 
an  horizon  comparable  to  that  of  the  Nummulitic  limestone  of  the 
Tertiary  period.  In  America,  it  is  known  in  California,  Nebraska, 
Kansas,  Missouri,  Ulinois,  and  Ohio.  Fustdina  cylindrica  occurs  in 
Spain,  in  the  Cantabrian  chain,  and  F.  robusta  in  the  Southern  Alps. 
In  Russia  the  Limestones  containing  Fusulince  have  a  wide  exten- 
sion ;  and,  from  the  uppermost  beds  of  the  Mountain-limestone  in 
Armenia  and  Azerbeidjan,  Abich  has  described  a  form,  under  the 
name  of  F.  sphaniea,  whidi  Prof.  Suess  regards  as  identical  with  F. 
rohusta  (Meek).  [W.  8.  D.] 

On  Ammonites.     By  Dr.  W.  Waaobn. 

Dr.  W.  Waaoen  has  published  (in  Benecke's  Palseontologische  Bei- 
trage,  Bd.  ii.  Heft.  2,  1869)  a  monographic  essay  on  Ammonites 
stdiradiattAS  and  the  allied  forms.  He  refers  to  the  difficulty  which 
exists,  in  certain  cases,  in  the  use  of  the  binary  system  of  nomenda- 
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tare,  which  he  regards  as  increased  by  the  employment  of  two  or 
more  specific  denominations.  To  get  rid  of  this  difficulty,  and  intro- 
duce a  system  which,  he  thinks,  would  be  expressive  of  the  relations 
of  many  forms,  he  proposes  to  introduce  after  the  generic  name  the 
radical  sign  (i^  ),  placing  beneath  it  the  name  of  the  fondamental 
specific  form,  apd  above  it  that  of  the  form  supposed  to  be  derived 
from  this  by  "mutation."  Thus  the  designation  (or,  as  the  au^or 
caDs  it,  "  the  genetic  formula  ")  of  Ammonites  hxfleanjiosus  (D'Orb.) 

would  be  as  follows  : — Ammomtes    .  V^^  — i — '^ — subradva- 

iij  subraduiha^  sh)w. 
Utg  being  the  fundamental  form,  and  hiJUxuo9u$  the  form  derived 
from  it  by  "  mutation." 

Dr.  Waagen  also  proposes  to  divide  the  genus  ^mmonte««  into  several 
genera  and  subgenera,  according  to  the  length  of  the  chamber  occu- 
pied by  the  animal,  the  form  of  the  mouth,  the  presence  or  absence 
of  the  operculum  and  its  nature  when  present  {Aptychxu  or  Ana- 
ptychu»\  and  the  sculpture, — ^the  outlines  of  the  lob^  being  regarded 
as  furnishing  only  secondary  characters,  and  the  general  form  as  of 
scarcely  any  importance.  The  groups  founded  by  him  upon  the 
consideration  of  these  characters  are  the  following : — 

Genus  I.  .^Iooceras  (Capricomi,  von  Buch,  commencing  in  the 
Muschelkalk  with  Amm.  incuUus,  Bejnr.,  and  including  A, 
planorbis,  angulatus,  planicosta,  <fcc.). 

Genus  II.  Asietites  (the  group  ArieUSy  best  represented  by  A, 
Bucklandi), 

Genus  III.  Axaltheus,  Montf.  (commencing  in  the  Muschelkalk 
with  Amm,  megalodisous,  BejT,,  and  including  as  Jurassic 
forms  A,  Gfuibaliantts,  oxynotus,  margaritatus,  pushilatM, 
cordatuSf  Lamberti,  &c.). 

Genus  IT.  Habfocebas  (JFhleiferij  Fleamosi,  von  Buch,  Insignes, 
Disci  J  Dentictilati,  &c.),  with  3  subgenera : — 

1.  Habpoceras  sens.  str.  (Liassic  Faldferl,  Insignes:  forms  like 
A.  canaUculatus,  trimarginatus,  &c.). 

2.  Offelia  (FUamosi  and  Tenuilohati :  A,  subradiatus,  A.  pstlo- 
disrvs  and  its. allies). 

3.  QjlEOTBArsTES  (fonus  allied  to  the  Oppdice,  but  with  die 
body-chamber  geniculate:  A.  gerUcularis,  dentaius,  mocmo- 
telus^  &c.). 

Genus  Y.  Stepoaitocbrab  {Coronati,  Planulati,  Macrocephaliy  and 
(?)  Omati)f  with  3  subgenera ; — 

1.  Stsphaitocebas  sens.  str.  (^Coronati  and  Macrocepaliy 

2.  Pebisfhinctbs  (sPZanuZatt). 

3.  KosxocEBAS  (asOrruzft). 

Genus  VI.  Asfidoceras  (including  A,  perarmatus,  bispinoms,  cydo- 
ttu!,  &c.).  [CoTTirr  M.] 
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LiTHOLoeT  of  ike  Seas  of  the  Old  Wobld.    By  M.  Dblbsse*. 

A  8TUDT  of  the  deposits  which  are  forming  in  the  bed  of  existing 
seas  presents  great  geologiciU  interest ;  for  it  enables  ns  to  restore  in 
imagination  the  seas  of  former  epochs,  and  ^m  the  present  to  acquire 
a  knowledge  of  the  past  history  of  our  globe. 

The  larger  portions  of  the  seas  of  the  Old  World  have  been 
explored  by  numerous  soundings,  which  give  their  depth  as  well  as 
the  nature  of  their  bed ;  consequently  I  have  been  able  to  extend 
in  them  the  researches  in  Hthology  which  I  first  commenced  in  the 
seas  round  the  shores  of  Francef.  The  method  which  I  have  fol- 
lowed is  the  same  as  that  at  first  employed,  and  the  results  obtained 
are  embodied  in  a  map  which  has  been  recently  laid  before  the 
Geolc^cal  Society  of  London. 

Starting  from  tho  data  furnished  by  the  soundings  of  the  hydro* 
graphic  engineers,  the  submarine  orography  has  been  laid  down  by 
the  aid  of  contour  lines,  and  according  to  the  method  of  Buache. 
Then  I  have  endeavoured  to  separate  as  much  as  possible  the 
rocks  of  the  existing  period  from  those  of  former  periods.  The  first 
consbt  almost  exclusively  of  unconsolidated  (metibles)  deposits ;  whilst 
the  rocks  already  consolidated  do  not  receive  sedimentary  deposits^ 
and  belong  to  the  second  series.  The  same  tints  have  been  given 
to  all  rocks  which  present  the  same  lithological  character,  without 
reference  to  their  age.  It  becomes,  therefore,  very  easy  to  see  how 
they  are  disposed  over  the  vast  surfaces  which  extend  at  the  bottom 
of  the  seas,  and  to  recognize  the  order  of  their  distribution :  it  even 
becomes  .possible  to  recognize  the  geological  relations  which  connect 
the  existing  deposits  and  submarine  rocks  with  the  strata  which 
emerge  in  their  neighbourhood.  Let  us  recapitulate  briefly  the 
principal  results  obtained  in  some  seas  of  the  Old  World. 

The  Sea  of  Aral  is  of  special  interest,  since  it  has  been  well 
studied  by  the  Russian  Navy,  and  because  it  ofiers  at  the  present 
time  the  example  of  a  great  lake  of  salt-water.  Its  depth  is  slight ; 
for  its  bed  is  the  continuation  of  the  surface  of  the  steppes  which 

*  Extract  of  a  work  in  coarse  of  publication  bj  Eugdne  Lacroix,  Paris. 
t  "Mers  de  France  et Mors  Britaoniques,"  Comptee  Kendas  April  ]  8()7  &  1868. 
VOL.  XXVI. — paut  II.  c 
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Borroand  it ;  it  ia  especially  nrnch  less  than  that  of  the  small  lakes 
which  are  emboeomed  in  monntains,  each  as  the  Alpine  lakes.  The 
sand  forms  a  margin  along  the  shore :  this  margin  becomes  espeoally 
wide  on  the  eastern  coast,  which  is  low,  and  receives  the  prindpal 
watercourses.  Bat  two-thirds  of  the  bed  of  the  Sea  of  Aral  is  formed 
of  mud,  which  fills  those  deepest  parts  in  which  the  movraaent  of  tiie 
waters  is  necessarily  less  felt.  It  is  only  on  the  eastern  shore  that  the 
MoUoBca  hare  been  developed  in  any  abundanoe,  and  on  bottoms  of 
sand  having  less  than  25  metres  of  water.  In  the  Sea  of  Aral  one 
can  well  see  how  irregular  their  distribution  may  be. 

The  Caspian  presents  the  example  of  an  inland  and  brackish  sea ; 
like  the  Sea  of  Aral,  it  has  been  thoroughly  explored  by  the  Bossian 
navy.  Its  depth  is  in  relation  to  the  height  of  its  shores ;  thns  in  the 
nordiem  part  it  becomes  remarkably  shallow  on  aoeonnt  of  the 
steppes  which  surround  it,  and  of  the  powerful  rivers,  such  as  the 
Volga,  which  tend  incessantly  to  silt  it  up.  These  rivers  flow  over 
strata  which  are  eminently  sandy,  such  as  the  Permian  and  the  Triaai, 
80  that  they  deposit  sand  over  this  northern  portion;  it  may  be 
estimated  that  half  of  the  bed  of  the  Caspian  is  oovered  by  sand. 
Mud  is  deposited  in  the  south,  which  is  the  deepest  part  of  this  sea. 
The  Mollusca  of  the  Caspian  are  developed  in  zones,  which  recede 
from  the  mouth  of  the  rivers,  or  may  even  be  interrupted ;  they 
abound  especially  on  the  bottoms  of  sand,  and  are  rarely  fimzid 
below  a  depth  of  50  metres. 

But  little  is  yet  known  regarding  the  Black  Sea.  With  respect 
to  its  orography,  it  may  be  observed  that  it  is  funnel-shaped,  and  at 
the  same  time  that  its  southern  portion  is  the  deepest  and  most 
abrupt.  Sand  occupies  only  a  small  surface ;  at  the  same  time,  on 
the  north-west,  where  the  Black  Sea  receives  the  Danube  and  o^er 
great  rivers,  sand  has  accumulated  along  the  shore,  forming  a  zone 
which  attains  a  width  of  60  kilometres.  Shell-beds  occur  in  it  but 
rarely,  and  this  must  be  attributed  to  the  fact  that  the  waters  are 
only  fiJigbtly  salt,  and  the  shore  generally  steep.  These  deposits^ 
besides,  are  at  a  distance  from  the  mouths  of  the  rivers,  and  occur 
especially  on  bottoms  of  sand. 

The  Mediterranean  presents  two  great  regions,  whi(^  are  separated 
by  Italy,  Sicily,  and  the  shallows  which  connect  the  latter  with  the 
coast  of  Tunis.  Its  eastern  region  is  the  most  extensive  and  thedeepesl^ 
As  in  the  preceding  seas,  it  is  towards  the  south  that  its  depth  is 
greatest,  while,  on  Uie  contrary,  it  is  very  shallow  in  the  Adriatic. 

Mud  occupies  the  greater  part  of  the  bed  of  the  Mediterranean^  a 
circumstance  which  is  easily  explained,  this  sea  not  being  subject  to 
tides,  and  its  basin  being  of  great  depth. 

Sand  generally  forms  a  margin  along  the  shores  ;  hut  it  disappears, 
or  becomes  rudimentary  at  the  foot  of  the  mountainous  coasts.  At 
the  mouth  of  the  Ebro,  the  Rhone,  the  Po,  and  the  Nile  theae 
deposits,  on  the  contrary,  cover  extensive  surfaces.  Sand  sur- 
rounds the  islands,  especially  Corsica,  Sardinia,  Cyprus,  and  the 
Baleares.  It  attains  an  exceptional  development  on  the  coast  which 
borders  the  states  of  Tunis  and  Tripoli :  in  fact  this  shore  inclines 
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gradttally  under  the  sea,  forming  a  vast  terrace,  which  is  ooverod 
with  sand ;  this  is  notably  the  case  in  the  Gulf  of  Oaln^s,  where  the 
sand  extends  to  a  distance  of  more  than  200  kilometres  from  the 
shore. 

In  the  Mediterranean,  certain  submarine  rocks  reappear  in  the 
neighbourhood  of  the  coasts,  particularly  when  th^  are  moun- 
tainous. Clay  extends  over  large  surfaces  in  the  archipelago,  in 
the  Gulf  of  Syrte,  in  the  south  and  to  the  east  of  Malta,  in  the 
Adriatic,  round  Italy,  round  the  Baleares,  and  to  the  east  of  Spain. 

Although  the  Mediterranean  contains  a  great  abundance  of  mol- 
Insks,  the  deposits  rich  in  shell-remains  do  not  cover  vast  surfEu^es, — 
a  circumstance  which  is  apparently  due  to  the  fact  of  its  shores  being 
generally  steep. 

The  Baltic  is  an  inland  sea,  very  shallow  when  compared  with 
the  seas  of  the  south  of  £urope«  Submarine  rocks  constitute  a  largo 
portion  of  the  bed  of  the  Baltic,  espedaUy  along  the  coasts  of  Sweden 
and  Finland,  as  well  as  in  the  Gulf  of  Ijvonia.  In  the  archipelago 
of  Aland  they  even  show  a  connexion  with  the  granitic  rocks  which 
form  the  promontories  of  Stockholm  and  Finland.  Clay  occurs  in 
nearly  all  the  eastern  Baltic,  and  it  even  extends  over  large  surfaces 
there.  It  must  no  doubt  be  attributed  to  the  argillaceous  beds  of 
the  schiitose  Silurian  series ;  for  this  formation  is  strongly  developed 
on  the  neighbouring  shores,  more  especially  in  Sweden  and  Bussia. 
Pebbles  also  form  interrupted  zones,  which  appear  to  range  nearly 
parallel  to  the  coast  of  Sweden;  their  mean  depth  is  about  50 
metres,  but  towards  the  north  it  is  much  greater,  so  that  the  sea 
cannot  now  displace  them.  They  indicate,  therefore,  an  unconsoli- 
dated deposit  anterior  to  the  existing  epoch,  and  probably  an  ancient 
beach  of  the  Baltic. 

Silt  fills  up  several  distinct  basins ;  it  follows  at  some  distance  the 
indentations  of  the  coast-line,  and  again  recedes  roimd  the  islands. 
It  fills  up  the  central  portions  of  the  Baltic  and  of  the  Gulf  of 
Bothnia,  but  not  always  the  deepest  parts. 

Sand  forms  large  margins  on  the  shores  of  the  Baltic ;  it  occupies 
also  vast  submarine  surfaces,  particularly  off  the  coasts  of  Pomerania 
and  Courland,  in  the  Gulfs  of  Livonia  and  Finland,  in  the  archipelag(f 
of  Aland,  and  in  the  Gulf  of  Bothnia.  The  abundance  of  sand  in  tho 
Baltic  may  be  attributed  to  the  circumstance  that  this  sea  is  not 
deep,  and  that  it  receives  numerous  torrential  rivers  which  arc  fre- 
queoky  swollen  by  melting  snows,  descending  from  Finland  or 
the' Scandinavian  Alps  after  having  swept  over  granitic  rocks;  it  is 
owing  especially  to  the  fact  that  the  rivers  of  Scandinavia,  Russia, 
and  the  north  of  Germany  descending  into  the  Baltic  flow  through 
hydrographic  basins  covered  by  the  diluvium  of  the  north  of  Europe, 
which  is  essentially  sandy.  Mollusca  are  rare  in  the  Baltic  on  ac- 
count of  the  very  slight  saltness  of  it<s  waters. 

Let  us  now  pass  to  the  ocean,  leaving  the  seas  of  France  and  of 
the  British  Isles,  which  have  been  previously  studied. 

The  ocean  is  of  great  depth  along  the  Iberian  peninsula,  and  at 
a  short  distance  from  its  banks.     Submarine  rocks  indicate  the  con- 
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tinnation  of  those  which  form  the  coast.  The  pemnsnla  is,  bemdes, 
contoured  by  a  flat  shore  of  sand  of  small  extent,  succeeded  by  mud, 
which  becomes  very  calcareous  at  great  depths. 

In  the  North  Sea,  as  well  as  in  the  glacial  ocean,  submarine  rocks 
border  the  fiords  and  the  archipelagoB  of  Norway  and  Lapland, 
Very  extennve  zones  of  day  extend  along  one  part  of  Norway,  and 
must  doubtless  be  attributed  to  the  cropping  out  of  palaeozoic  schists. 
Besides,  as  is  usual,  the  ocean  adjoining  the  peninsula  of  Scandi- 
navia essentially  exhibits  a  bed  of  sand ;  mud  reappears  again,  es- 
pecially in  the  neighbourhood  of  argillaceous  rocks,  and  in  that  case 
may  probably  be  derived  from  their  destruction. 

The  White  Sea  also  exhibits  an  inland  sea,  connected  by  a  wide 
strait  with  the  glacial  ocean.  The  most  striking  feature  of  its  oro- 
graphy is  a  depth  very  much  greater  in  its  north-eastern  portion 
and  in  the  Gulf  of  Eandalaks  than  in  its  centre  and  the  part  nearest 
the  ocean.  The  long  Gulfs  of  the  Dwina  and  of  Eandalaks  are  plaeed 
the  one  upon  the  line  of  the  other,  and  correspond  with  an  impor- 
tant submarine  depression,  which  is  very  strongly  marked  and 
parallel  with  the  Dwina,  as  also  with  the  principed  rivers  of  these 
regions. 

Soundings  have  shown  the  presence  of  rocks  near  the  shores  of  the 
White  Sea,  particularly  at  its  opening  in  the  Gulf  of  Mezen,  and 
also  in  the  Gulf  of  Onega :  these  rocks  even  indicate  a  connexion  of 
the  peninsula  of  Lapland  with  the  continent. 

Sand  covers  vast  surfaces  at  the  entrance  of  the  glacial  ocean,  but 
in  the  White  Sea  it  only  borders  the  shores,  and  silt  or  mud  almost 
entirely  covers  over  the  bed.  The  extent  of  silt  is  doubtless  due  to 
the  circumstance  that  the  White  Sea,  by  reason  of  its  orography, 
plays  the  part  of  a  settling-basin  to  the  troubled  waters  that  it  re- 
ceives in  great  abundance,  especially  at  the  time  of  melting  of  the 
snows ;  it  is  also  attributable  to  the  fact  that  the  ice  which  covers 
it  during  one  portion  of  the  year  also  contributes  to  facilitate  the 
deposition  of  the  silt.  Shell-bearing  beds  are  very  limited  in  the 
White  Sea,  probably  on  account  of  the  &esh  and  muddy  waters  whidi 
pour  into  it ;  they,  however,  occur  abundantiy  on  the  sands  at  the 
entrance  to  tiie  glacial  ocean.  Hence  it  is  to  be  seen  that  the  mol- 
lusca  multiply  and  also  attain  great  development  in  very  northern 
latitudes,  and  as  far  as  within  the  Polar  circle. 

A  study  of  the  inland  seas  of  the  Old  World  reveals  general  and 
very  strilong  characters  both  in  their  orography  and  lithology.  First, 
their  depth  northwards  is  slight,  and  increases  towards  the  south ; 
besides,  the  principal  rivers  empty  themselves  more  especially  on 
their  northern  sides.  These  features  occur  markedly  in  tiie  Caspian 
Sea,  the  Persian  Gulf,  the  Sea  of  Azof,  the  Black  Sea,  the  Baltic,  the 
Adriatic,  and  finally  in  the  Mediterranean. 

The  Baltic,  the  Caspian,  and  the  Adriatic  present  striking  ana- 
logies ;  for  all  three  are  less  salt  than  the  ocean :  they  receive  a  mul- 
titude of  rivers  and  of  streams,  which  transport  a  quantity  of  debris 
and  tend  to  fill  their  basins ;  they  are  especially  remarkable  by  the 
great  extent  of  their  sandy  deposits. 
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The  Black  Sea,  the  Mediterranean,  and  White  Sea  exhibit,  on  the 
contrary,  lithologioal  characters  entirely  different;  ainoe  mud  or  silt 
predominates,  and  the  sandy  deposits  are  these  reduced  to  a  small 
extent.  [J.  P.] 

On  Fossil  Ttphace&    By  Prof.  F.  Unosb. 

[Proo.  Lop.  Acsd.  Tmbiui,  Jannaiy  7, 1870.] 

Thb  existence  of  representatives  of  the  genera  Ti/p7ta  and  Spar- 
ganium  in  Tertiary  deposits  has  been  but  lately  ascertained,  and 
many  remains  of  the  former  genus  are  probably  still  regarded  as 
species  of  Arundo.  A  species  of  TypJia,  first  discovered  by  M.  D. 
Stur,  is  widely  diffused.  Certain  vegetable  forms  found  in  the 
Gosau  Sandstones  of  Gams,  in  Styria,  possibly  represent  the  proto- 
type of  all  the  TyphoB  of  subsequent  periods.  At  present  three 
species  of  Typha  and  six  of  Sparganium  are  known  to  exist  in  a 
fossil  state.  [Comrr  M.] 

On  Dbvokiav  Ektomostraca.    By  M.  P.  Richtbr. 
[Zeitaohr.  deutsoh.  geol.  GtteUadi.  1869,  p.  75.] 

M.  RiCHTEB  has  described  the  Entomostraca  contained  in  the  De- 
vonian strata  of  Thuringia.  The  uppermost  horizon,  in  which  fossil 
Entomostraca  are  very  abundant,  is  perfectly  analogous  to  the  Cy- 
pridina-Bhsles  of  the  Harz  and  of  Nassau.  In  the  second  horizon 
they  are  far  less  abundant,  and  in  the  lowest  no  trace  of  them  has 
been  detected.  The  author  describes  and  figures  eleven  species  of 
Cypridina  (six  new),  three  of  BeyriMa  (all  new),  and  two  of  Cyihe- 
rina  (one  new).  He  regards  the  oval  individuals  of  Cypridina  as 
males,  and  the  more  spherical  forms  as  females.  [Couirr  M.] 

On  the  CxPHALOPODA  from  the  Ooute  of  Bauk,  near  Craoovia. 
By  Dr.  M.  Neuicatr. 

[Proo.  Imp.  G«ol.  Inst  Vienna,  Beoembor  21, 1869.] 

Db.  NEimATB  publishes  a  list  of  the  Cephalopoda  from  the  Oolitic 
beds  of  Balin,  from  which  it  appears  that  the  Maerocq>halu8-  and 
Aspidiaides-zones  are  best  represented,  and  next  to  these  the  Anceps- 
and  AMeta-zoneSf  so  that  the  Cephalopodous  fauna  of  Balin  may 
be  regarded  as  corresponding  to  those  of  the  Great  Oolite  above  the 
Puller's  Earth  in  England,  of  the  *'  Callovien  "  in  France,  and  of  the 
upper  horizon  of  the  Dentalium-  and  OmaftM-days,  and  of  the  Ma- 
eroeephaluS'Oolito  of  Wiirtemberg.  Amaltheus  (Amm.)  Lamherti, 
which  constantly  occurs  above  the  Omofus-Kilay,  has  not  yet  been 
found,  nor  have  any  traces  of  species  of  more  recent  date.  The  only 
representativo  of  a  deeper  horizon  is  a  fragment  of  an  Ammonite, 
very  nearly  allied  to  but  not  identical  with  Stephanoceras  bifur- 
eatum,  Ziet.,  of  the  ParJcinaoni-zone.  This  fragment  may  prove,  on 
closer  examination,  to  be  an  inner  whorl  of  a  species  belonging  to 
the  group  of  Cosmoceras  callovienee,  C,  Oowertanum^  &c.,  which,  in 
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young  indiyidoalsy  are  not  easily  distrngniBhable  from  Stephanoeenu 
fri/ufTotem,  S,  tuhfureaiumj  &c.  The  author's  general  results  are 
essentially  identical  with  the  condusions  arrived  at  by  MM.  Falloux 
and  Waagen,  but  by  no  means  in  acoordance  with  those  to  which 
Br.  Laube  was  led  by  the  study  of  the  £chinoderms,  LameUibran- 
chiata,  and  Gasteropoda. 

In  ihe  following  list  of  species  found  at  Balin,  the  zones  to  which 
the  species  belong  are  indicated  by  abbroTiations  as  follows : — 

Park.  B  sone  of  Stephanoeeras  Parkinsoni, 

Fer.     ■■  zone  of  St^hanoceras  ferrttffineum  (Fuller's  Earth). 

■B  cone  of  Oppelia  aspidioides. 

BB  zone  of  Si^hanocercu  macroeephdlus, 

BB  zone  of  PerupJiinetes  anceps. 

«■  zone  of  Aspidoceras  athUta. 
I  zone  of  Anudiheus  Lamberti, 


Asp. 

Macr. 

Anc. 

Athl. 

Lamb. 


List  of  the  Oolitic  Cephalopoda  ofBaUn, 


Stephonooenis  tumidum.  Rein.  Macr. 
macrooepbalum,  Scklotk.  Macr. 

—  miblaeve,  Sow,  Macr. 

microstoma,  If  Orb.  Macr. 

bombur,  Oppd.  Macr. 

Cosmoeeras  omatum,  ScMotK  Athl. 

-^—  Jason,  Bern.  Ano. 

^—  Buncani,  Sofw.  Anc.  ?  Athl.  ? 

Torrioellii,  0pp.  Macr. 

cf.  Keppleri,  Opp.  Macr. 

PerisphincteB  procerua,  Bitb.  For.  Asp. 
Moorei,  Ojap.  Aap. 

—  funatuB,  Opp.  Macr. 

aorigerus,  Opp.  Fer.  Asp. 

corvicosta,  Opp.  Anc. 

solciferus,  Opp.  Athl. 

Orion,  Opp.  AthL 

Konigi,  Sow.  Macr. 

Wagneri,  Opp.  Asp. 

patma,  n.  sp.  Macr. 

eurrptjohas,  n.  w^  Athl. 

eToiutus,  n.  sp. 

furcula,  n.  sp. 

braoteatos,  n.  sp. 

suboontraoius,  Morr.  f  Lye.  Asp. 

anoeps,  Rein.  Anc. 

Aspidooeras  athleta,  PkiU.  Athl. 

annulare,  Rein.  Athl. 

Fudisi,  n.  sp. 

Ancylooeras  calloTiense,  Morr,  Macr. 

[COUHT  M.] 

On  the  OcKiAX  (Tbias),  Dooger,  and  Lias  Lix estove  of  the  Bathont 
Forest  (S.  W.  Huvgabt).    By  Dr.  £.  von  Mojsisotics  and  M.  voir 
HAimcsN. 
[Proo.  Imp.  OeoL  Inst  Vienna,  December  21,  1869,  and  Februaiy  15, 1870.] 
The  probably  older  horizon  of  these  Ocnian  strata  is  represented 


Belemnitea  Begrriohi,  Oppd,  Asp. 
— «-  calloriensis,  Oppd.  Ano. 

—  subhastattts,  Zteten.  liaor. 
'—  hastatus,  Blainw.  Athl.  and  higher 

strata. 
— «-  bzoTiensis,  Zeusckner, 

Waageni,  n.  sp. 

Nautilus  subtrunoatus,  Morr.  ^  Zye. 

Asp. 
— —  oalloriensis,  OppeL  Anc 
Bhynobotheutis  Sussi,  n.  sp. 
Amaltheos  Lamberti,  Sow.  Iamb. 
'—  funiferus,  PkiU.  BCacr. 
Harpooeras  discos.  Sow.  Asp. 
~^  heoticum,  Reineeke.  Macr. 

—  punctatum,  Stakl.  Ano. 

Brighti,  Prate.  AthL 

_  lunula,  Zieien.  Anc. 

krakoTiense,  n.  sp. 

Oppelia  aspidioides,  Oppd.  Asp. 
Utelobata,  JVaag. 

— «  of.  biflexuosa,  if  Orb.  Asp. 

suboostaria,  (hp.  Macr. 

n.  sp.,  aff.  ]f  silodisoo,  Scklonb, 

(Eeotraustes  ooigungens,ifa^«r.Macr. 

serrigerus,  Waagen.  Asp. 

Stephanoeeras  ooronatum,  Brug.  Ana 

Julii,  UOrb.  Fer.  ?  Asp.  ? 

oontrarium,  UOrb.  Fer?  Asp. 

cf.  bifurcatum,  Zieien.  Park. 

Henrejri,  Sow.  Macr. 
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by  an  alternation  of  hydranlic  marls  and  bitnminons  dolomites  and 
limestones,  charaoterized  by  tbe  presence  of  a  new  species  of  2Va- 
chyeeras,  Tr,  Attila,  Mojs.  The  reddish-grey  limestones  of  the 
upper  horizon  are  equivalent  to  the  *'  Potsohen  "  Limestones  of  the 
North  and  to  the  *<  Buchenstein "  Limestones  of  the  South  Alps. 
The  most  frequent  fossil  forms  in  them  are  Ammaniiea  (Areegtes) 
tridentintiB,  Mojs.,  sp.  n..  Am.  Arpadis,  Mojs.  sp.  n.,  and  Htdobia 
Lommeliy  Wissm.  TraehyeeroB' Attila  is  of  rare  oocurrence,  as  also 
in  the  **  Potschen  "  Limestones.  Am.  (Are.)  tridenHnus,  the  most  fre- 
quent form  in  the  Bakonyan  Limestone,  as  also  in  the  **  Potsohen  ^ 
and  '*  Buchenstein "  Limestones,  was  first  made  known  as  of  very 
rare  occurrence  in  the  Ocnian  porphyritic  Tuffe  of  the  South 
Alps,  characterized  by  the  presence  of  Traeihyeerai  doleritieum  and 
T.  Archelaus.  The  Bakonyan  Limestones,  with  Am.  (Are.)  triden- 
tinusy  are  locally  overlain  by  green  tuflfe.  A  ravine  dose  to  the 
marble-quarry  of  Csennye  proved  an  abundant  locality  for  Ammo- 
nites characteristic  of  the  Inferior  "  Dogger,"  such  as  Am.  Murchi^ 
soncBy  Sow.,  Am.  faUaXy  Ben.,  Am.  geissus,  Ben.,  Am.  of.  tatricus, 
Pusch,  Am.  cf.  gonumotus.  They  are  found  mixed  with  Am.  sile^ 
siactu,  0pp.,  and  Am.  serus,  0pp.,  from  the  Lias  of  the  neighbouring 
quarry,  and  with  an  abundance  of  Fimhriati  of  at  least  two  different 
species.  A  well-preserved  specimen  of  Am.  superbusy  B.,  has  been 
obtained  from  Somhegy.  A  bed  of  Liassic  Limestone  includes  an 
enormous  quantity  of  Brachiopods,  among  which  Tertibratula  Aspasiay 
Men.,  predominates,  but  very  few  Ammonites. 

On  the  Structctbe  of  the  Spibal  Shell  of  Cephalopods. 
By  Prof.  E.  Subss. 

[Proa  Imp.  Acad.  Vienna,  March  10, 1870.] 

Dr.  Carpenter  first  stated  that  the  shell  of  NatUilus  JPompititts 
consifits  of  two  strata,  on  outer  testaceous  one  (the  "ostracum"),  and 
an  inner  one,  of  the  nature  and  aspect  of  mother-of-pearL  The 
same  is  the  cose  with  the  shell  of  Argonauta  and  of  the  Ammonites, 
the  mother-of-pearl  stratum  constituting  the  septa  of  the  chambers. 
ArcesteSf  Ooniatites,  PhylloceraSf  and  Clymenia  have  besides  a  rugou 
stratum,  rather  answering  to  an  imperfect  formation  of  mother-of- 
pearl  than  the  black  stratum  of  Nautihu.  In  the  above-named 
genera,  the  periodical  constrictions  take  place  under  the  form  of 
varices,  and  in  the  rest  of  the  Ammonitida  in  the  form  of  contractions 
of  the  shell.  Taken  as  a  whole,  the  more  ancient  forms  possess 
generally  one  chamber,  including  the  whole  animal,  and  really  in- 
habited by  it,  while  many  of  the  comparatively  more  recent  forms 
adhered  only  by  muscular  prolongations  of  the  hind  portions  of  their 
body,  the  other  chambers  serving  only  as  an  hydrostatical  apparatus 
by  whose  aid  the  animals  moved  wi&  more  ease  through  tlie  sea. 
The  shell  of  the  female  Argonauta,  pronded  with  rudimentary  shell- 
muscles,  represents  a  rudimentary  Ammonite  shell,  an  "  ostraeum  " 
without  stratum  of  mother-of-pearl.     Argonauta  is  a  member  of  an 
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extenaiye  &inily,  boginning  with  TrachyeerM  and  comprehending  the 
graera  ConMurtu^  Toaoceras,  Crioeeras,  the  FUxuon,  and  a  good 
nnmber  of  Soaphites. 

On  Lrvnre  and  Fossil  Alga.    By  Dr.  A.  Bovt. 
[Proc.  Imp.  OeoL  Inst  Tienna,  January  18, 1870.] 

The  living  JJga  consist  of  a  stenh,  more  or  less  thick,  and  often 
of  considerable  thickness  in  large  species,  and  of  &  foliage  very  diver- 
sified in  quantity,  length,  and  thickness.  The  movement  of  the 
waves,  or  any  other  external  action,  may  compress  or  distort  the  wing- 
like leaves  of  certain  AlgcB,  and  tiios  give  rise  to  indistinct,  partly 
torn,  or  extended  forms,  snch  as  are  occasionally  met  with  in  Eocene 
Carpathian  Sandstones,  The  round  and  oval  forms  conspicuous  on 
some  specimens  may  be  somewhat  flattened,  and  thus  apparently 
enlarged,  frucHfieationSj  as  they  appear  occasionally  nearly  isolated 
on  some  stems,  the  foliage  having  been  nearly  destroyed.  Possibly 
the  frsgments  and  impressions  not  rarely  occurring  in  fucoid  shales 
and  Eocene  sandstones,  and  generally  ascribed  to  Mcmocotyledonee, 
may  be  fragments  of  species  of  the  genus  2josteraj  one  species  of 
which  is  constantly  associated  with  AlgSB  in  the  northern  seas. 
Their  very  large  and  rather  slender  portions  float  in  the  water  like 
those  of  the  Fuci ;  they  are  easily  torn  and  divided,  and  have  some 
analogy  in  structure  with  the  lengthened  and  undetermined  frag- 
ments in  fucoid  deposits.  Zoeteritee  is  known  to  occur  in  Eocene 
deposits,  and  such  marine  plants  may  more  probably  be  found  asso- 
ciated with  Alg8B  than  any  land  plants.  If  the  above-mentioned 
impressions  were  really  those  of  Monocotyledons,  those  of  many  other 
terrestrial  genera  might  be  expected  to  be  found  associated  with 
them. 

On  CasLAC^NTHus.  By  Br.  vov  Willeicoos-Suhic. 
[Proc.  Imp.  G«oL  Inst.  Vienna,  December  18, 1869.] 
Da.  voir  Willemoos-Stjhu  has  published  (Palseontographica,  xvii. 
1869)  a  monograph  of  Co^lacanihus  and  some  genera  dosely  allied  to 
it.  The  species  described  are  C.  macroeephaluSf  sp.  n.,  O,  Ha;8da^ 
Miinst.,  C,  (Undina)  minutus,  Wagner,  C.  peniciUatue,  Hiinst,  and  (7. 
major,  Wagner,  all  from  the  copper-shales  and  from  the  shales  of 
8olenhofen  and  Girin.  There  is  no  generic  difference  betwe^ti  the 
species  from  the  copper-shales  and  those  (  Undina)  from  the  litho- 
graphic shales,  closer  examination  having  proved  these  latter  (C 
macrocepTidlus  and  C.  HassicB)  to  possess  tiie  characteristic  deep  fis- 
sure of  the  pectoral  fin,  the  ossified  swimming-bladder,  and  the 
articulation  of  the  unpaired  fins  on  bifurcated  plates.  The  author 
unites  with  CodaeaTiihue  the  genus  Oraphiuriut,  Ener,  from  the  Raibl 
shales,  and  refutes  the  generic  claims  of  Macropoma,  Agassis. 
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1.  TJie  Tertiaet  Flora  of  Radoboj. 
By  Prof.  C.  von  ETmrasHATisEiT. 

[Proc.  Imp.  Geol.  Inst.  Vienna,  May  19, 1870.] 

At  present  the  Tertiary  Flora  of  Radoboj  \b  known  to  indude  295 
species,  which  oooor  in  six  localitieB :  9  of  these  are  marine  forms 
(7  AlgfB  and  2  Naiadese) ;  6  are  freshwater  (1  Chara,  1  Satmnia^  1 
Potamogeton,  1  HahrhagcBa,  and  2  Typhacece) ;  and  5  are  palustrhia 
(2  Equiseia,  1  Juneus,  1  Ledum,  and  1  Andromeda),  Among  the 
terrestrial  plants  a  valley-vegetation  of  decidedly  tropical  character 
is  represented  by  the  remains  of  Palms,  Artocarpese,  species  of  Fteus^ 
Apocynaceee,  Sapotacete,  Ebenaceee,  Bombaceas,  Engelhardtice,  Oom- 
bretacesB,  and  MelastomacesB ;  a  mountain-vegetation  by  the  genera 
Pinus,  Betula,  Fagtu,  Ostrya,  CarpintUy  Ulmtu,  Populus  and  Cle- 
matis ;  and  an  intermediate  flora  of  subtropical  and  warm  temperate 
type  by  a  few  Laurineae,  MagnoliacesB,  Styracee,  Oleaceae,  Celas- 
trinesB,  Ilicinese,  Anacardiaceee,  and  Rhamnaoese.  On  the  whole 
the  flora  of  Radoboj  is  not  coeval  with  that  of  the  Aquitanian  Brown- 
coal  formation,  as  supposed  by  Prof.  Unger,  but  belongs  to  a  higher 
geological  horizon,  and  presents  a  striking  resemblance  to  the  flora 
of  Priesen,  near  Bilin  (N.  Bohemia).  [Coxtkt  M.] 


2.  On  the  Fauna  of  the  Culm  and  Carboioferous  Limrstoite  of 
Lower  Silesia.     By  Dr.  E.  Tibtzb. 

[Proo,  Imp.  GeoL  In«t.  Vienna,  ippil  26, 1870.] 

The  only  trace  of  vertebrate  animals  firom  these  deposits  is  a  tooth 
of  Ctenoptychius  found  at  Altwasser.  The  trilobites  are  represented 
by  Phillipsia  derbyensis,  Mart.,  P.  gemmtUifera,  Phil.,  and  some 
other  iBpecies  of  this  genus.  Some  isolated  pygidia  must  have  be- 
longed to  individuals  of  larger  size  than  those  generally  met  with 
in  the  Carboniferous  Limestone.  Small  Cypridinas  occur  at  Bothi- 
waltersdorf. 
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The  most  remarkable  Cephalopoda  are  0<maiiti$  eremttrux^ 
Phil.,  G.  mixolobus,  Phil.,  Otihoeeras  tcalare,  Goldf.,  and  0.  Urioy- 
latum,  y.  Mey.,  which  occur  in  Hesse,  Nassau,  Westphalia,  the  Harz, 
Belgium,  England,  and  Ireland,  and  thus  serve  as  a  strong  palscon- 
tological  proof  of  the  contemporaneity  of  the  two  types  of  the  iufe^ 
rior  Carboniferous  formation,  tiie  Culm  and  the  Mountain-limestone, 
The  first  and  third  of  these  species  have  likewise  been  met  with  in 
the  Culm  of  Moravia.  The  presence  of  Orthoceras  giganteum.  Sow. 
(a  form  with  a  large  subcylindrical  shell  and  a  broad  slightly  ex- 
centric  siphon,  spherically  inflated  in  each  chamber),  has  been  clearly 
ascertained ;  this  species  has  hitherto  been  found  only  in  the  jfcypical 
Carboniferous  Limestone  of  Belgium,  England,  and  Ireland ;  its  oc- 
rence  in  Lower  Silesia  is  rare.  Some  forms  related  to  Cyrtoeeras 
Gemeri  (a  Belgian  and  English  species)  occur ;  and  F.  Bomer  has 
described  specimens  of  Nautilus  bilobatus,  Sow.,  a  species  previously 
found  only  in  England  and  Ireland. 

The  Pteropoda  are  represented  by  a  species  of  Convlaria,  Among 
the  Heteropoda  are  BeUerophon  tenuifascia^  Sow.,  B.  hiuUuSy  Mart., 
B.  Witryanus,  Eon.,  and  B.  decussatus,  Flem.  The  first  of  these 
species  has  been  found  in  the  Carboniferous  Limestone  of  Belgium, 
England,  Ireland,  Eatingen  near  Diisseldorf,  and  Tennessee.  The 
jQost  abundant  Gasteropoda  are  Euomphalui  catillus.  Mart.,  and  K 
JHanysii,  Montf.,  both  widely  distributed  forms,  and  Cirrus  spiralis^ 
PhiL  Of  the  same  class  we  have  also  Ckemnitzia  Lefebvrei,  Leveille, 
Littorina  hiseriaJis,  Eon.,  Buccinum  imbricatum,  Phil.,  PleuraUn 
maria  canaliculata,  M*Coy,  P.  virgulaia^  Eon.,  Murchisonia  Ver^ 
n^uiliana,  Eon.,  M.  angulosa,  Phil.,  and  M.  gracilis,  Goldf. 

The  Lamellibranchiata  include  a  considerable  number  of  new 
forms ;  they  are  particularly  characterized  by  the  presence  of  na« 
merous  Pectinidsc,  as  in  the  Irish  Carboniferous  limestone ;  next  to 
these  come  a  number  of  forms  allied  to  Cypricardia,  and  to  the 
genus  usually  known  as  Sanguinolites.  Pecten  PhiUipsii,  Goldf. 
(described  by  M'Coy  fix)m  the  Irish  Carboniferous  limestone  under 
the  name  of  P.  Sowerbyi),  is  especially  abundant.  Other  species  of 
the  same  group  noticed  by  the  author  are  Pecten  Ottonts,  Goldf., 
P.  tllipticus,  Phil.,  P.  granulosus,  Phil.,  and  P.  granosus.  Sow. 
Other  Lamellibranchiata  'mentioned  are  Avieula  l^pida,  Goldf., 
Nucula  clavata,  M*Coy,  Pinna  spatula,  M*Coy,  Corbula  senilis,  Phil., 
Sanguinolites  variabilis,  M*Coy,  Cypricardia  rhomhea,  Phil.,  0, 
semisulcata.  Sow.,  Cardinia  suhparallela,  Portl.  (an  Irish  species 
also  obtained  by  Eaiscrling  from  Petschora-laiid,  and  by  Dames  from 
the  Devonian  of  Rittbei^^,  Area  prisca,  Goldf.,  and  Cucullcea  tenuis 
stria,  M*Coy.  Conocardia  are  very  rare ;  the  author  has  obtained 
only  a  few  small  specimens  of  the  common  C.  aliforme.  Sow.  AUc- 
risma  sulcatum,  Phil.,  a  characteristic  species  of  the  Carboniferous 
limestone  of  England  and  Eussia  is  not  unfrequent ;  and  A,  regulare^ 
Eing,  has  been  detected.  Posidonomya  Beckeri,  Bronn,  one  6f  the 
most  characteristic  fossils  of  the  true  Culm  in  Nassau,  Westphalia, 
-the  Harz,  Moravia,  and  England,  was  met  with  only  at  Eothwalters* 
dorf. 
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The  Bracbiopoda,  as  UBual  in  the  Carbonifercms  Limestone,  are  the 
most  abundantly  represented  class,  the  genera  PfvduUus  and  Spirlfer 
being  especially  rich.  The  author  mentions  as  abundant  species, 
Spirifer  striatus.  Mart.,  S.  rotundatus,  Mart.,  J3.  glaher,  Mart.,  JS. 
Ivneatut,  Mart.,  Spirigera  Ecissyij  Leveill^,  S.planosuleata  (eapan9a% 
Phil.,  Cho7iete8  papilicnacea,  FhiL,  Productus  giganteus,  M&rt.,  P« 
latissimtis,  8ow.,  P,  longi^nus.  Sow.,  P.  pushdoms,  Phil,  P.  punc- 
tatuB,  Mart.,  P.  fimhriatuSy  Sow.,  P.  svhlamSy  Eon.,  and  P.  ToesolohiSy 
Phil.  Other  species  noticed  are  Idngtda  mytUoideSy  Sow.,  Orbicida 
toneentrica,  Kon.,  0.  nierc^a,  Phil.,  lihynchonella  pUurt^  Phil.,  i?. 
pugnus,  Mart.,  and  ^.  papyraeea,  A.  Bom.  A  few  true  2Vr«5ra^Za; 
oceur  rarely.  The  only  Bryozoa  detected  are  a  few  badly  preserved 
FenesUHlof, 

The  remains  of  Echinodermata  include  an  Echinide  described  by 
Kuntb  some  years  ago,  fragments  of  Poteriocrinus,  and  Ogathocrinus 
macrocJieiruSy  M'Coy.  lAikostrotion  junceum  and  CyathophyUum 
JHurchiaoni  are  the  most  abundant  corals.  A  RecepfactHitesy  nearly 
allied  to  the  Upper  Devonian  J2.  n^pttcni  occurs.  Pentremites  are 
wanting. 

The  pakBontological  character  of  these  limestones,  especially  the 
abundance  and  diversity  of  their  Brachiopod  fauna,  indicates  that 
iheir  place  is  in  the  lower  horizon  of  the  Carboniferous  formation. 
Possibly  certain  black  shales  at  the  upper  boundary  of  the  Culm, 
which  still  require  to  be  further  investigated,  may  correspond  to  the 
middle  horizon  of  the  Mountain- limestone.  They  contain  vegetable 
remaxnv  and  QoniatiUs  mixolobus ;  but  Spirifer  mosquensis,  a  cha- 
racteristic form  of  the  middle  horizon,  has  not  yet  been  found  in 
tiMon.  As  in  all  places  where  the  productive  coal-measures  appear 
above  the  Mountain-limestone,  the  Fusulina-hedB  are  wanting. 
The  limestones  of  Bothwaltersdorf,  Altwasser,  &c.,  containing  Tri- 
lobites,  Gasteropods,  Cephalopods,  and  Bivalves,  seem  to  represent  a 
liigher  horizon  than  those  of  Neudorf-Silberberg,  of  which  the  fauna 
consists  almost  exclusively  of  Brachiopods ;  but  the  difference  can 
only  be  of  local  importance,  as  Proditcitts  giganteus  and  P.  latissimus 
are  found  in  both. 

As  far  as  Lower  Silesia  is  concerned,  the  notion  that  the  Moun- 
tain-Limestone is  the  marine,  and  the  Culm  the  lacustrine,  phase  of 
the  Lower  Carboniferous  formation,  is  contradicted  by  the  facts. 
The  genuine  Carboniferous  Limestones  and  those  x>f  Neudorf-Sil- 
berberg are  concordant  deposits  in  the  Grauwackes  with  vegetable 
remains.  In  accordance  with  the  above-mentioned  'supposition  the 
deposits  must  have  been  at  first  lacustrine,  then  decidedly  marine, 
then  again  lacustrine ;  and  such  alternations  as  these  could  only  have 
been  caused  by  changes  of  level  which  must  have  disturbed  the 
conformity  of  the  stratification.  But  the  plant-bearing  Grauwackes 
have  a  strongly  conglomerate  character,  especially  below — ^a  condition 
which  indicates  violent  motion  of  the  waters ;  whilst  the  localities  in 
which  truly  marine  forms  are  most  abundant  have  the  character  of 
being  deposited  as  a  fine  argillaceo-calcarecus  mud.  The  presence 
of  Brachiopoda  and  of  pelagic  Cephalopoda  excludes  the  notion  of 
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Bianhy  deponti*  In  this  reflpect  the  alaies  of  Bothtraltersdoif, 
which  oonstitiite  a  lentioalar  interealaiy  deposit  in  the  upper  (xraa- 
waokes  of  the  Cnhn,  are  partioulaily  interesting  from  their  oomM- 
nation  of  typical  Gidm  IbonlB,  suoh  as  Fosidonamya  Bechtri,  CaU^ 
mUe$  frafuttiona,  CyehptertM  pciymorpha,  (7.  disseda  and  other 
phmtSy  irith  fossils  of  the  typical  Caxhoniferons  limestone.  Yege* 
table  remains  may  certainly  be  transported  from  dry  land  or  6nh 
waters  into  marine  deposits,  but  not  such  an  abnndanoe  of  decidedly 
marine  forms  into  fresh-  or  brackish-water  deposits.  The  preeenos 
of  Ihndonamya  Beeheri  at  Rothwalteisdoif ,  and  at  no  other  locality^ 
may  be  aoddental ;  bnt  as  it  is  always  found  associated  with  remains 
of  plants,  it  is  allowable  to  sappose  that  it  is  a  freshwater  form 
carried  into  the  sea  with  those  plant-remains.  The  Culm,  wiUi  its 
oonf^omeratea  and  micaoeoos  sandstones,  is  a  coast  formation;  and 
the  coast  on  which  it  was  deposited  was  strongly  acted  upon  by  the 
wares,  whilst  the  finer  mud  was  thrown  down  in  the  quieter  parts. 

[CorarlL] 


3«  GnoLooT  of  the  OnsKWixn  (EMTisoirB  of  HEOELBEBe). 
By  Prof.  M.  N.  Bbjobckb. 

[Proe.  Imp.  Qeol.  Inst.  Yienna,  April  5, 1870.] 

The  Granites  and  Quartz-porphyries  of  this  district  are  immediately 
overlain  by  Dyas  deposits  (which  have  but  a  small  extent  both  ver- 
tically and  horizontally),  partly  Old  Bed  Sandstone  Conglomerat^ea 
and  partly  Marls,  Dolomite,  and  iron-ores,  with  remains  of  SMzodvs 
obscurus,  representing  the  <'  Zechstein."  The  greater  portion  of  the 
district  is  occupied  by  Triassic  deposits,  of  which  the  Bunter  Sand- 
stone is  above  1000  feet  in  thickness,  and  has  furnished  the  mate- 
rials for  the  most  conspicuous  bmldings  of  this  region  (such  as  the 
Castle  of  Heidelberg,  the  cathedrab  of  Spires  and  Worms,  &c.). 
The  Muschelkalk  presents  an  interesting  form  intermediate  between 
those  of  Franconia,  Thuringia,  and  Swabia.  Jurassic  deposits  occur 
at  the  surfeu^  only  in  the  basin  of  LangenbrUcken,  where  the  Llaa 
and  Inferior  Dogger  are  recognised.  Tertiary,  diluvial,  and  alluvial 
deposits  are  of  quite  local  occurrence.  [Govbt  ICj 


Digitized  by  VjOOQ IC 


ALPHABETICAL   INDEX 

TO  THE 

PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY. 


[The  fosBils  referred  to  are  described,  and  those  of  which  the  names  are  printed 
in  italics  are  also  figured.] 


ActiBon  depre88U9y  256 

HochsteHeri,  256. 

Actasonina  canariensis,  405. 

Aerolite,  on  the  fall  of  an,  in  Fezzan, 
by  M.  Coumbanr  (abstract),  415. 

America,  North,  Dinosauria  from  the 
Trias  of,  49. 

Ammonites  angulatos,  corals  of  the 
zone  of,  61. 

Ammonites  Buoklandi,  corals  of  the 
zone  of,  61. 

Ammonites  Jamesoni,  range  of  fossils 
of  the  zone  of^  in  Gloucestershire, 
398. 

Ammonites  oxynotus  and  A  raricos- 
tatus,  range  of  fossils  of  the  zones  of, 
in  Gloucestershire,  397. 

Ammonites  planorbis,  Corals  of  the 
zone  of,  61. 

Amorphozoa,  Mesozoic,  from  Queens- 
land, 235. 

Araphihelia,  deep-sea  species  of,  56. 

Amphihelia  incrustans,  304,  309. 

Amphibian,  Messrs.  A.  Hancock  and 
B.  Howse  on  a  new  Lab^rinthodont, 
from  the  magnesian  limestone  of 
Midderidge,  Durham,  566. 

Anatina  numu/malUj  4013. 

Animal  remains,  Prof.  J.  W.  Dawson 
on  some  new,  from  the  Carbonife- 
rous and  Devonian  of  Canada,  166. 

Ankistrodon,  48. 

AnniTersary  Address  of  the  President, 
xziz-IxiT.     See  also  Hnzlev,  Prof. 
T.  H. 
Annual  Report,  i. 
AntiUia  Uns,  306,  310. 
Area  numiamalis^  406. 

plicaia,  249. 
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Area  pralonga,  249. 

Stricklandi,  407. 

Arctogaeal  province,  the,  constituted  in 
Triassic  times,  49. 

Argjope  punctata,  244. 

—  tooUumbiUaensis,  243. 

Arisaig,  Nova  Scotia,  the  Bev.  D. 
Honeyman  on  the  Geology  of,  490. 

Armboth,  section  from  Throlkeld  Sta- 
tion to,  605. 

Arvicola  agrestis,  124. 

gbireolus,  124. 

Gulidmi,  125.  130. 

rattieepa,  125,  130. 

Asaphus,  discovery  of  the  Panderian 
organ  in  seveml  American  species 
of,  481. 

Asaphus,  Mr.  H.  Woodward  on  the 
alpus  and  other  appendages  of, 


Asaphus  plafycephaltUj  479;    buccal 

organs  of,  487. 
Astarte  apicalis,  249. 

Ciiftoni,2^9. 

wolluTtibillaensiSy  250. 

Astrangia,  deep-sea  speci&s  of,  56. 
Australia,  Western,  Mesozoic  fossils 

from,  229. 
Australian   fossil  Mammals,  Dr.  G. 

Kreffl  on,  415. 
Australian  Mesozoic  Qeology  and  Pa- 

Ifeontolorf,  M.  C.  Moore  on,  1, 226. 
Australian  Tertiary  deposits,  Prof.  P. 

Martin  Duncan  on  the  Fossil  Corals 

of  the,  284. 
Avictda  aotudis,  247. 

Barklyi,  245. 

eorbiensis,  246. 

reflecta,  246. 
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Awmla  aimples,  247. 

wbariata,2Al. 

wnbomdia,  2A&, 

Avon,  section  acrosB  the  Tallejr  of  a 

tributary  of  the,  203. 
,  Buperficial  deposits  of  the  TaUej 

of  the,  202. 
typical  section  across  the  Talley 

of  the,  near  Cropthome,  204. 
Avon  and  Serem  Talleys  and  adyoin- 

ing  districts,  Mr.  T.  G.  B.  Lloyd  on 

the  superficial  deposits  of  portions 

of  the,  202. 
Balanopbyllia,    distribution    of,    in 

depth,  55. 
BdUuwph^Uia  armata^  302. 

austraUentis^  303. 

campanulatOt  302. 

evUndriea,  304. 

fraffiliMy30Q. 

flW«y«t,303. 

aenUnuda,  302. 

HUntitformUt  dOi. 

Ulricki,  301 

Balanus,243. 

BaUintoy,  Middle  lias  blocks  from, 

324. 
Ballypslidy,  nature  and  origin  of  the 

ferruginous  series  at»  159;  section 

at,  1^;  section  in  railway-cutting 

at,  161. 
Baphetes  minor,  1G6. 
Basalt,  lithomarge,  and  bole,  table  of 

analyses  of,  156. 
Basalts  of  the  north-east  of  Ireland, 

Messrs.  B.  Tate  and  J.  S.  Holden 

on  the  Iron-ores  associated  with  the, 

151. 
Bathygnathus,  39,  49. 
Beckford,  section  through,  204. 
Belemniiea  awtroHs,  2&. 
Belemnoziphius,  512. 
Belodon  Plieningeri,  39,  40. 
Belumford,  section  at,  153. 
Billings,  B.,  notes  on  some  specimens 

of  Lower  Silurian  Trilobites,  479. 
Birds,  Prof.  T.  H.  Huxley  on  further 

CTidenoe  of  the  affinity  between  Bi- 

nosaurian  Reptiles  and,  12. 
Black  Hill,  Snitterfield,  section   at, 

208. 
Bleasdell,  Bey.  W.,  obsenrations  on 

modem  Glacial  action  in  Canada, 

669. 
Blisworth,   Oolites  of,  377;    section 

from  Kingsthorpe  through  North- 
ampton and  Huntsbury    Hill  to, 

359. 
Bole,    basalt,   and  lithomarge,   table 

of  analyses  of,  156. 
Bone-bed  of  Suffolk,  493 ;  Terrestrial 


Mammalia  from  the,  609 ;  Marine 
Mammalia  from  the,  511. 

Bonney,  Bey.  T.  G.,  on  the  geology  of 
the  Lofoten  lalands,  623. 

Borrowdale,  lower  portion  of  the 
green-slates  and  porphyries  in, 
600,  601 ;  section  from  Berwent- 
water  to,  601. 

Boulder-clay,  notes  on  aneieot,  in 
Natal,  by  Dr.  Sutherland,  514. 

Boulder-cuy,  Mr.  S.  V.  Wood,  junr., 
on  the  relation  of  the,  without  chalk, 
of  the  north  of  Inland  to  the 
great  chalky  Boulder-day  of  the 
south,  90. 

Boulder-days,  694. 

Box-stones  of  Suffolk,  499. 

Brachiopoda,  Mesosoic,  from  Queens- 
land, 236. 

Brachiopoda,  Mr.  T.  Bayidson  on  the, 
hitherto  obtained  from  the  "  Peb- 
ble-bed''of  Budleigh-Saltteton,  near 
Bxmouth,  in  BeTonshize,  70. 

Brandon  Hill,  section  from  Bristol 
across,  to  the  Beptilian  Quarry  on 
Burdham  Bown,  188. 

Bredon  Hill,  section  from,  to  Cra- 
combe  Hill,  204. 

Brick-days,  694. 

Bridlington,  foasils  of  the  Glacial  de- 
posit at»  92. 

Bristol  area,  Mr.  B.  Etheiidge  on  the 
geol(^cal  position  and  geographi- 
cal distribution  of  the  Beptuian  or 
dolomitic  conglomerate  of  the,  174. 

Bristol,  sections  from,  to  the  Beptilian 
Quarry  on  Burdham  Down,  loS. 

Britain,  Binosauria  from  the  Trias  of, 
42. 

Britain,  glaoiation  in,  693. 

Brown,  Br.  B.,  on  the  physics  of  Arctic 
ice,  as  explanatory  of  the  gladal  re- 
mains in  Scotland,  671. 

Brunswick,  Neoomian  of;  343. 

Budleieh-Salterton,  Mr.  T.  Baridson 
on  the  Brachiopoda  hitherto  ob- 
tained from  the  "Pebble-bed"  of, 
70. 

Bunxd,  B.,  notice  of  a  fragment  of  a 
Beptilian  skull  from  the  Upper 
Cretaceous  of  Griinbach,  394. 

Busk,  G.,  on  the  spedes  of  Bhinooe- 
ros  whose  remains  were  found  in  a 
fiasnre-caTem  at  Oreston  in  1816, 
457 

Cainocoic  and  Mesozoic  periods,  the 
physical  geography  of  Western 
Ihirope  during  the,  elucidated  by 
their  cond  faunas,  by  Prof.  P.  M. 
Duncan,  51. 

Calamitee,  Sigillaria,  and  Calamoden- 
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dron,  Prof.  J.  W.  Dawson  on  the 
structure  and  affinities  of,  488. 

Calamodendron,  Sigillaria,  and  Ca- 
lamites,  Prof.  J.  W .  Dawson  on  the 
structure  and  affinities  of » 488. 

Calymene  senariOf  roUed-up  specimen 
of,  filled  with  small  OTate  bodies, 
485. 

Cambay,  A.  Rogers  on  the  geoloffj  of 
the  country  surrounding  the  CKui  of, 
in  Western  India,  118. 

,  map  of  the  country  surrounding 

the  Gulf  of,  119. 

Canada,  gold-districts  of,  477. 

,  Rer.  W.  Bleasdell  on  modem 

glacial  action  in,  669. 

J  Prof.  J.  W.  Dawson  on  some 

new  animal  remains  from  the  Car- 
boniferous and  Devonian  of,  166. 

,  Prof.  J.  W.  Dawson   on   the 

graphite  of  the  Laurentian  of,  112. 

Carboniferous  and  Devonian  of  Ca- 
nada, Prof.  J.  W.  Dawson  on  some 
new  animal  remains  from  the, 
166. 

Carboniferous  limestone,  section 
showing  the  mode  of  occurrence  of 
iron-ores  in,  183. 

Caribbean  series  of  Trinidad,  Mr.  B. 
J.  L.  Q-uppy  on  the  didcovery  of 
organic  remains  in  the,  413. 

Carruthers,  W.,  on  the  structure  of  a 
fern-stem  from  the  Lower  Eocene 
of  Heme  Bay,  and  on  its  allies, 
recent  and  fossil,  349. 

Caruana,  A.  A.,  further  discovery  of 
the  fossil  Elephants  of  Malta,  434. 

Caryophyllia,  distribution  of,  55,  58. 

viola,  295,  306. 

Castle  Cove  to  near  Cape  Otway, 
sketch  section  of  the  coast  from, 
290. 

Caves,  Somerset,  W.  A.  Sanford  on  the 
Bodentiaofthe,  124. 

Cephalaspis,  from  the  Devonian  of 
Canada,  166. 

Cephalopoda,  Mesozoic,  from  Queens- 
knd,  237. 

Ceriihium  GreenoughwMUj  256. 

ibex,  405. 

8latteri,  406. 

Cetacean,  new  Ziphioid,  from  the  Suf- 
folk bone-bed,  502. 

Cetaceans,  remains  of,  512. 

Chdlicotherium  Mnense,  4Sl9, 

Chalk,  Upper  and  Lower,  Corals  of 
the,  64. 

Chemniigia  erasticosia,  402. 

Cheshire  and  Western  Lancashire, 
map  of  part  of,  661. 

Cheshire,  Mr.  C.  B.  De  Bance  on  the 


Glacial   phenomena    of    Western 
Lancashire  and,  641. 

Cheshire,  Mr.  C.  E.  De  Banoe  on  the 
Postghicial  depoists  of  Western 
LancaAhire  and,  655. 

Chillesford  Clay,  the  Bev.  J.  Gunn  on 
the  relative  position  of  the  Forest- 
b^  and  the,  in  Norfolk  and  Suf- 
folk, and  on  the  real  position  of 
the  Forest-bed,  551. 

China,  Prof.  B.  Owen  on  fossil  remains 
of  Mammals  found  in,  417. 

Chonegiphiua  Cuoieri,  506,  512. 

Paekardi,  602, 512. 

planirostria,  506, 512. 

Cirripedia  from  Queensland,  243. 

Cladocora,  deep-sea  species  of,  56 ; 
occurring  in  shallow  waters,  57. 

Cladyodon,  39. 

Clay-bed,  altered,  in  Tideswell  Dale, 
Derbvshire,  701. 

Clay,  Upper  Scrobicularia,  665. 

Clepsysaurus,  39,  49. 

Clifton,  section  from,  to  Bugby,  203. 

,  section  through,  from  Bristol 

to  Durdham  Down,  188. 

Codrington,  Mr.  T.,  on  the  superficial 
deposits  of  the  South  of  Hampshire 
and  the  Isle  of  Wight,  528. 

Coleoptera,  fossil,  from  New  South 
Wfaes,263. 

Conoamilia  anonudOj  305. 

eiegaTis,  305. 

liiuolua,  305. 

striata,  305. 

Conotrochus  M'Coyi,  298,  306. 

tyjput,  var.  ausiraliengis,  298. 

Coral  Faunas,  Prof.  P.  Martin  Dun- 
can on  the  physical  ^graphy  of 
Western  Europe  during  the  Meso- 
zoic and  Cainozoic  periods  as  elu- 
cidated by  their,  51. 

Corala,  deep-sea  and  abyssal,  54. 

in  consecutive  geological  periods, 

59,  60,  67. 

,  littoral,  belonging  to  the  deep- 
see  coral  fauna,  56. 

,  Prof.  P.  Martin  Duncan  on  the 

fossil,  of  the   Australian  Tertiary 
deposits,  284. 

,  reef-forming,  57,  59. 

Coumbary,  M.,  on  the  fidl  of  an  Aero- 
lite in  Fezzan,  415. 

Crag,  corals  of  the,  67 ;  fossils  of  the,  92. 

Crag  of  Norfolk,  Mr.  J.  Prestwich  on 
the,  and  associated  beds,  282. 

Cretaceous,  Upper,  of  Griinbach,  E. 
BuDzel  on  a  fraernent  of  a  Beptilian 
skull  from  the,  394. 
Cricetus  sangarus,  128,  131. 
Crioeeras  axtstrale,  257. 
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CriiteUarut  acntanricularis,  tbt.  lotigi- 
ooitatR,  242. 

culirata,  Tar.  ndiata,  242. 

Oooodilian  skull,  Mr.  J.  W.  Hulke  on 
a,  from  Eimmeridge  Bay,  Dorset, 
167. 

Croptiiome  Heath,  section  at,  209. 

Cropthome,  tjpical  section  across  the 
Talley  of  the  Ayon  near,  204. 

Ciieullmait^/UUa,250. 

Btmutriata,  250. 

Cyeltmris  (enuit,  301, 909. 

(^tkerea  Clarkei,  250. 

gibbosa,  251. 

Dallington,  section  from  Boston  to, 
368. 

Davidson,  T.,  notes  on  the  Brachio- 
poda  hithorto  obtained  from  the 
** Pebble-bed"  of  Budleigh-Salt«r- 
ton,  near  Exmouth  in  Devdnahire, 
70. 

Dawson,  J.  W.,  note  on  some  new 
animal  remains  from  the  Carboni- 
ferous and  Devonian  of  Canada, 
166 ;  notes  on  the  structure  of  Si- 

E'llarta,  165 ;  on  the  Graphite  of  the 
lurentian  of  Canada,  1 12 ;  on  the 
structure  and  affinities  of  Sigillaria, 
Calamites,  and  Calamodendron,  488. 

Delpkinula  refleeta,  256. 

DHtocyathua  iialieus.  Tar.  australiefuis, 
297,307. 

Dendrophyllia,  deep-sea  species  o( 
5a 

Dentalium  limatuium,  402. 

lineatum,  256. 

Deposits,  glacial,  fossils  of,  92. 

,  pos^lacial.  of  western  Lanca- 
shire and  Cheshire,  655. 

,  superficial,    of    the    south   of 

Hampshire  and  the  Isle  of  Wight, 
528. 

De  Aance,  Mr.  C.  £.,  on  the  Glacial 
phenomena  of  western  Lancashire 
and  Cheshire,  641 ;  on  the  Post- 
glacial deposits  of  Western  Lanca- 
shire and  Cheshire,  655. 

Derbyshire,  BeT.  J.  M.  Mello  on  an 
altered  clay-bed  in  Tideswell  Dale, 
701. 

Dorwentwater,  section  from,  to  Bor- 
rowdale^  601. 

Desmophyllum,  bathjmetrical  distri- 
bution of,  55,  57,  5S. 

Deuterosaurus,  48. 

DeTonian  and  Carboniferous  of  Ca- 
nada, Prof.  J.  W.  Dawson  on  some 
new  animal  remains  from  the,  166. 

Devonshire,  notes  on  Brachiopoda 
from  the  Pebble-bed  of  Budleigh- 
Salterton,  near  Exmouth  in,  70. 


Dinoeauria  &om  the  Trias,  38. 

Dinosauria,  Prof.  T.  H.  Huxley  on  the 
classification  of  the,  with  observa- 
tions on  the  Dinosauria  of  the  Trias^ 
32. 

Dinosaurian,  HyjMophodon  FdxH^  a 
new,  from  the  Weaiden  of  the  Isle 
of  Wig^t,  3. 

Dinosaurian  reptiles  and  bird^  Prof. 
T.  H.  Huxlej  on  the  affinity  be- 
tween, 12. 

Discina  apicalU,  244. 

Dolomitic  or  reptilian  Con^omente 
of  the  Bristol  area,  Mr.  B.£theridge 
on  the  geol(^cal  position  and  geo- 
graphi(»l  distribution  of  the,  174. 

,  fauna  of  the,  187. 

,  section  of,  in  the  road  from  the 

Hotwells  to  Clifton  and  Dardham 
Downs,  182. 

Donations  to  the  library,  132,  264^ 
437,57a 

Dorset,  note  on  a  Crocodilian  skull 
from  Kimm'eridge  Bay,  167. 

,  note  on  some  Plesiosaurian  re- 
mains obtained  by  Mr.  J.  C.  ManfJ 
in  Kimmerid^  Bay,  611. 

BorypUrus  ■go^SMmwt',€termar,McoafB. 
A.  Hancock  and  B.  Howse  on,  from 
the  Marl-slate  of  Midderidge,  Dur- 
ham, 623. 

Duncan,  Prof.  P.  Ifartin,  on  the  fossil 
corals  (Madreporaria)  of  ihid  Aus- 
tralian Tertiary  deposits,  284 ;  the 
physical  geography  of  Western 
Europe  during  the  Mesozoic  and 
Cainozoic  periods,  elucidated  by 
their  coral  iaunas,  51. 

Durdham  Downs,  sections  from  Bris- 
tol to  the  Reptilian  quarry  on,  188 ; 
section  of  dolomitic  conglomerate 
in  the  new  road  from  the  Hotwells 
to,  182;  section  showing  the  posi- 
tion of  Beptilia  in  the  conglomerate 
of,  189. 

Duston,  oolites  of,  369 ;  section  from, 
to  Dallington,  36a 

East  Anglia,  Boulder-day  of,  91. 

Echinodermata,     Mesosoic,     from 
Queenshind,  236. 

Elephants,  fossil,  of  Malta,  further 
discovery  of  the,  434. 

England,  north  of,  Mr.  S.  Y.  Wood, 
jun.,  on  the  relation  of  the  Boulder- 
clay  without  chalk  of  the,  to  the. 
great  chalky  Boulder-day  of  the 
south,  90. 

Enthekiodon,  g.  n.,  174. 

Entomostraca,  Prof.  T.  B.  Jones  on 
some,  from  Arisaig,  Nova  Scotia, 
492. 
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Eocene  of  Heme  Bay,  Mr.  W.  Gsr- 
ruthen  on  the  Btracture  of  a  fern- 
stem  from  the  Lower,  and  on  its 
allies,  recent  and  fossil,  349. 
Erpetospondylia,  36. 
Esoara,  695. 

Etheri^ge,  Mr.  B.,  on  the  geological 
position  and  the  geographical  dis- 
tribation  of  the  Itoptilian  or  Dolo- 
mitio  Conglomerate  of  the  Bristol 
area,  174. 
Europe,  Central,  Dinosauria  from  the 
Tria8of,38. 

,  ^eral  comparison  of  the  Neo- 

oomian  beds  of  Northern,  333. 

,  Western,  the  physical  geography  • 

of,  during  the  Meeozoic  and  Camo- 
zoio  periods    elucidated    by  their 
ooral  lannas,  51. 
ExeUssa  numismalia,  403. 
Exmouth,  Mr.  T.  DaTidson  on  the 
Brachiopoda  hitherto  obtained  from 
the  Pebbl&-bed  of  Budleigh-Saltor- 
ton,  near,  70. 
Eyoott  HiU,  Green-slate  series  in,  606. 
Fall  and  rise  of  the  Ghreenland  coast, 

690. 
Fault,  double,  in  Northampton,  365. 
Fauna  of  the  dolomitic  conglomerate, 

187. 
Fern-stem,  Mr.  W.  Carruthers  on  the 
structure  of  a,  from  the  Lower  Eo- 
cene of  Herne  Bay,  and  on  its  allies, 
recent  and  fossil,  349. 
Fexzan,  M.  Coumbiury  on  the  fiill  of 

an  aerolite  in,  415. 
Flabellum,  distribution  of,  55,  58. 
FlabeUum  eandeanum^  300,  308. 

distinctum,  299,  308. 

gambiererue,  299,  308. 

VictoruB,  299,  308. 

Foraminifera,  Meeozoic,  from  Queens- 
hind,  235. 
Forest-bed,  the  Bey.  J.  Gunn  on  the 
relatiye  position  of  the,  and  the 
Chillesford  Clay  in  Norfolk  and 
Suffolk,  and  on  the  real  position  of 
the  forest-bed,  551. 
Foesiliferous  boulder-clays,  694. 
Fossils  from  the  Wealden  of  the  Isle 
of  Wight,  3,  318;  from  the  Trias, 
38;  from  the  Budleigh-Salterton 
Pebble-bed,  70;  from  Uie  Carboni- 
ferous and  Devonian  of  Canada, 
166 ;  from  the  Eimmeridge  Clay  of 
Kimmeridge  Bay,  167,  172,  611; 
from  the  tfurassic  (?)  rocks  of  Aus- 
tralia, 226;  from  the  Australian 
Tertiary  deposits,  284;  from  the 
Lower  Eocene  of  Heme  Bay,  349 ; 
from  the  Great  Oolite  near  North- 
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ampton,  382 ;  from  the  Northamp- 
ton Sand,  385;  from  the  Upper 
Cretaceous  of  Ghriinbach,  894;  of 
the  zone  of  Ammonites  oxynotus 
and  A.  raricoetatus  in  Gloucester- 
shire, 397 ;  of  the  zone  of  Ammo- 
nites Jamesoni  in  Gloucestershire, 
398 ;  from  the  Caribbean  series  of 
Trinidad,  413;  from  Australian 
caves,  415 ;  from  China,  417 ;  from 
Malta,  434;  from  Oreston,  457; 
from  the  newer  Tertiaries  of  Suffolk, 
493 ;  from  the  Permian  of  Midde- 
ridge,  556, 565, 623 ;  from  Victoria, 
610. 

Fossils,  vegetable,  observations  on 
some,  from  Victoria,  by  MM.  F.  v. 
Miiller  and  B.  B.  Smytii,  610. 

GkJboly  Mountain,  section  of,  159. 

Gkdesaurus,  48. 

Gasteropoda,  Meeozoic,  from  Queens- 
land, 237. 

Gault,  corals  of  the,  64. 

G^graphical  distribution  and  geolo- 

g'cal  position  of  the  reptilian  or  do- 
mitic  conglomerate  of  the  Bristol 
area,  Mr.  B.  Etheridffe  on  the,  174. 

Geography,  physical,  of  Western  Eu- 
rope during  the  Mesozoic  and  Cai- 
nozoio  penods  elucidated  by  their 
coral  faunas,  51. 

Geological  observations  on  the  Wai- 
para  river.  New  Zealand,  by  Mr.  T. 
H. C.Hood,  409. 

position,  on  the,  and  geographi- 
cal distribution  of  the  reptuian  or 
dolomitic  conglomerate  of  the  Bris- 
tol area,  Mr.  K.  Etheridge  on  the, 
174. 

G^logy,  Australian  Mesozoic,  and 
pala!ontology,  1,  226. 

of  Arisaig,  Nova  Scotia,  by  Mr. 

D.  Honeyman,  490. 

of  the  country  surrounding  the 

Gulf  of  Cambay  in  Western  India, 
Mr.  A.  Bogers  on  the,  118. 

of  the  Lofoten  Islands,  the  Bev. 

T.  G.  Bonney  on  the,  623. 

Germany,  Dinosauria  from  the  Trias 
of,  38. 

Ghioial  action,  modem,  in  Canada, 
669. 

deposits,  fossils  of  the,  92. 

phenomena  of  Western  Lanca* 

shire  and  CHieshire,  Mr.  C.  E.  de 
Bance  on  the,  641. 

Glaciation  in  Britain,  693. 

Glacier-system  of  Ghreenland,  673. 

Gloucestershire,  Mr.  B.  Tate  on  the 
palieontology  of  the  j  unction-beds  of 
the  Lower  and  Middle  Lias  of,  394. 
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GneiMoid  teries,  Mr.  H.  Y.  Hind  on 
two,  in  Nova  Sootiaand  New  Bruns- 
wiok,  aapposed  to  be  the  equivalento 
of  the  Uuponian  and  Laorentian, 
468. 

Gold-districtB  of  Canada,  477. 

CrofttiMtya  deprttaa^  251. 

Goniopoda,  Cope,  35. 

Graphite,  Prof  J.  W.  Dawson  on  the, 
ot  the  Laurentian  of  Canada,  112. 

ChaTela,  freshwater,  of  the  Ayon  val- 
ley, 222. 

Greeoland  ooaet,  rise  and  fall  of  the, 
690. 

Greenland,  glader-syetem  of,  673 ;  Mo- 
tion of,  675. 

Greenaand,  ^P<Br,  oorals  of  the,  64. 

Grtinbaoh,  liL  £.  Biinxel  on  a  frag- 
ment of  a  reptilian  skull  from  the 
Upper  OretaoeouB  of,  394. 

Gunn,  Ber.  J.,  on  the  relatiTe  position 
of  the  foree<rbedand  the  Chillesford 
day  in  Norfolk  and  Suffolk,  and 
on  the  real  position  of  the  forest- 
bed,  551. 

Guppj,  Mr.  B.  J.  L.,  on  the  disooreiy 
of  organic  reroaina  in  the  Caribbean 
series  of  Trinidad,  4ia 

Hematite,  brown  aluminous,  analyses 
o<;i62. 

Halmaturus,  416. 

Hampshire,  Mr.  T.  Codrington  on  the 
superficial  deposits  of  the  south  of, 
and  the  Isle  of  Wight,  528. 

Hancock,  Mr.  A.,  and  Mr.  Bichard 
Howse,  on  a  new  Labyrinthodont 
amphibian  from  the  magnesian 
limestone  of  Midderidge,  Durham, 
556. 

,  on  Doiypterus  HolBaianni, 

€termar,  from  the  marl-elate  of 
Midderidge,  Durham,  623. 

,  on  Proterosaurus  Speneri, 

and  a  new  species,  Proterosaurus 
Huxleyi,  from  the  Marl-slate  of 
Midderidge,  Durham,  565. 

Hano?er,  Neooomian  of,  338. 

Harkness,  Prof.  B.,  on  the  distriba- 
tion  of  Wastdale-Crag  blocks, 
"Shap-Fell  ffranite-bouMers,"  in 
Westmoreland,  517. 

Haweswater,  Chreen-slate  series  be- 
tween Ulleswater  and,  607. 

Heligoland,  Neooomian  of^  334. 

Heme  Bay,  on  the  structure  of  a 
fern-stem  from  the  Lower  Eocene 
of,  and  on  its  allies,  recent  and  fos- 
sil, 349. 

Hillmorton,  longitudinal  section  of  the 

▼alley  of,  201. 
Hind,  Mr.  H.  Youle,  on  two  gneiasoid 


series  in  Nova  Sootia  and  New 
Brunswick,  sumKMed  to  be  the 
equivalents  of  tbe  Huronian  (Cara- 
bnan)  and  Laurentian,  468. 

Holden,  Dr.  J.  S.,  and  Mr.  B.  Tste^ 
on  the  iron-ores  associated  with  the 
basiJts  of  the  north-east  of  Ire- 
land, 151. 

HoUand,  Neooomian  of,  335. 

Honeyman,  Ber.  D.,  notes  on  ^daoo- 
loffy  of  Arisa^,  NoTa  Scotia,  490. 

Hood,  Mr.  T.  B.  C^geological  ob- 
serrations  on  the  Waipara  BiTor, 
New  Zeahmd,  409.  • 

Hotwells,  section  of  dolomitic  con- 
glomerate in  the  road  from  the,  to 
Clifton  and  Durdham  Downs,  182. 

Howse,  Mr.  B.,  and  Mr.  A.  Hanood[ 
on  a  new  Labyrinthodont  amphi- 
bian from  the  magnesian  limestone 
of  Midderid^  Durham,  556. 

• ,  on  Dorynterus  Hoffmaimi, 

Germar,  from  tne  marl-alate  of 
Midderidge,  Durham,  623^ 

,  on  Proterosauma  Speneri, 

and  a  new  species,  Proterosaurus 
Huxleyi,  from  the  marl-slate  of 
Midderidge,  Dnrham,  565. 

Hulke,  Mr.  J.  W.,  note  on  a  orooodi- 
lian  skuU  from  Kimmeridge  Bay, 
Dorset,  167. 

,  not^e  on  a  new  and  nndescribed 

Wealden  Tertebra,  31& 

,  note  on  some  Pleeiosanrian  re- 
mains obtained  hj  Mr.  J.  C.  Mansel 
in  Kimmeridge  Bay,  Dorset,  611. 

,  note  on  some  teeth  associafted 

with  two  fragments  of  a  jaw  from 
Kimmerid|e  Bay,  172. 

Huntsbuzy  Hill,  sedion  from  Kings- 
thorpe  through,  to  Blisworth,  359. 

Huronian,  supj^osed,  Ghieissoid  series, 
in  Nova  Scotia  and  New  Brunswick, 
46a 

Huxley,  Pro£  T.  H.,  further  eridenoe 
of  the  affinity  between  the  Dino- 
saarian  reptiles  and  birds,  12. 

,  on  Hypsilophodon  Foxii,  a  new 

Dinosaunan  from  the  Wealden  of 
the  Isle  of  Wi^ht,  3. 

1  on  the  classification  of  the  Dino- 

sauria,  with  obserTations  on  the 
Dinosauria  of  the  Trias,  32. 

(President),  Address  on  handing 

the  Wollaston  mid  medal  to  Mr. 
John  Brans  for  M.  G.  P.  DeshaTes, 
xxrii ;  Address  on  handing  the  bal- 
ance of  the  WoUaeton  Donation 
Fund  to  Mr.  John  Erans  for  M. 
Marie  Bouault,  xxriii ;  AnniTersary 
Address,  February  18,  1870,  xxix; 
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Obiittary  NoNcei  of  DcceoMd  FO- 
lows :— toe  Yioomte  d'Arahiao,  xsiz ; 
Prof.  J.  Beete  Jukes,  xnii;  Prof. 
H.  C.  B.  Ton  Meyer,  zxxiy ;  Mr.  J. 
W.  Salter,  xxrri;  Dr.  B.  N.  Bu- 
bidge,  znix;  OaptL.  L.  Boeoawen 
Ibbeteon,  xli ;  Prof.  B.  W.  Brarlej, 
zli ;  Mr.  J.  N.  Sanders,  xli ;  Beyi- 
sion  of  the  present  state  of  know- 
ledge as  to  the  distribution  and  suc- 
cession of  organized  forms  in  time 
and  space,  zlii. 

Hytma  antiqtui,  511. 

nnensis,  4^22. 

Hyde,  Mr.  S.,  on  deep  mining  with 
relation  to  the  physical  structure 
and  mineral-bearing  strata  of  the 
south-weet  of  Ireland,  348. 

Hypsihpkodon  Foxii,  a  new  Dino- 
saurian  from  the  Wealden  of  the 
Isle  of  Wight,  3. 

Ice,  arctic,  Dr.  B.  Brown  on  the  phy- 
sics of,  671. 

Icebergs,  679. 

Ice-marks  in  Newfoundland,  704. 

Iguanodontidie,  34. 

India,  Dinosauria  from  the  Trias  of, 
48. 

-— — ,  Western,  Mr.  A.  Bogers  on  the 
geology  of  the  country  surrounding 
the  Gulf  of  Oambay  in,  118. 

InoeeramuB  fneurvatus^  407. 

Ineect-  and  plant-bed  on  the  Booky 
Birer,  New  South  Wales,  2. 

Insects,  remains  of,  in  the  Carboni- 
ferous of  Oanada,  166. 

Ireland,  Mr.  B.  Tate,  on  the  Middle 
Lias  in  the  north-east  of,  324. 

»  on  deep  mining  with  relation 
to  the  physical  structure  and  mine- 
ral-beaiing  strata  of  the  south-west 
of,  348. 

-— — ,  on  the  iron-ores  associated  with 
the  Basalts  of  the  north-east  of,  151. 

Iron-ore,  pisolitic,  155. 

Iron-ores,  mode  of  occurrence  of,  in 
Carboniferous  Limestones,  section 
showing  the,  183. 

— ,  Neooomian,  of  Linoolnshire,329. 

,  MM.  Tate  and  Holden  on  the, 

associated  with  the  Basalts  of  the 
north-east  of  Ireland,  151. 

Jones,  Prof.  T.  B.,  note  on  some  En- 
tomostraca  from  Arisaig,  NoTa 
Scotia,  492. 

Judd,  Mr.  J.  W.,  additional  obserra- 
tions  on  the  Neooomian  Strata  of 
Yorkshire  and  Lincolnshire,  with 
notes  on  their  relations  to  the  beds 
of  the  same  age  throughout  Northern 
Europe,  326. 


,695. 

Kangaroos,  fossil,  416. 
Kerr,  Comm.  J.  H.,  obserrations  on 

ice-marks  in  Newfoundland,  704. 
Keswick  and  UUeewater,  notes  on  the 

lower  portion  of  the  green  slates 

and  porphyries  of  the  Lake-district 

between,  559. 
,  Ghreen-slate  series  between,  and 

the  Yale  of  St.  John,  603. 
,  section  firom,  to  Watendlath, 

603. 
Kimmeridge  Bay»  Dorset,  Mr.  J.  W. 

Hulke  on  a  Crocodilian  skull  from, 

167. 
,  Mr.  J.  W.  Hulke  on  some  teeth 

associated  with  two  fragments  of  a 

jaw  from,  172. 
,  Mr.  J.  W.  Hulke  on  some  Ple- 

siosaurian  remains  obtained  by  Mr. 

J.  C.  Maasel  in,  611. 
Kingsthorpe,  oolites  of,  360;  section 

from,  throuffh   Northampton  and 

Huntriyury  Hill  to  Blisworth,  359. 
Krefit,  Dr.  G.,  on  some  Australian 

fos^  mimriq^^ff^  415. 

lAbrrinthodont,  MM.  Hancock  aad 
Howse,  on  a  new,  frt)m  the  magne- 
sian  limestone  of  Midderidge,  Dur- 
ham, 556. 

Lagomys  speUeus,  126. 

Lake-district,  Dr.  H.  A.  Nicholson 
on  the  lower  portion  of  the  green 
slates  and  porphyries  of  the,  be- 
tween Ulleswater  and  Keswick,  559. 

Lamellibranchiata,  Mesosoio,  from 
Queensland,  237. 

T<aminated  boulder-day,  694. 

Lancashire,  blown  sand  of,  665. 

*-— ,  Western,  and  Cheshire,  glacial 

Shenomena  of,  641;    post-glacial 
eposits  of,  655;   map  of  part  of, 

661. 
Lankeeter,  R  B.,  contributions  to  a 

knowledge  of  tiie  Newer  Tertiaries 

of  Suffolk  and  their  fauna,  493. 
Laurentian,  Prof.  J.  W.  Dawson  on 

the  graphite  of  the,  of  Canada,  112. 
,  supposed,  gneissoid   series  in 

Noya  Scotia  and  New  Brunswick, 

468. 
Leasowe  Castle,  sections  at  right  angles 

to  the  coast,  near,  657. 
Leda  inuir{di»,  251. 

graphhOy  407. 

Lemmus  medius,  125. 

norvegumt,  125,  130. 

tof^MOus,  125,  130. 

Lepidotonaunu  Dt/jjU^  bbl, 
LepraUa  (?)  oolUica,  24a 
LnNif  ounioulus,  12S. 
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Lepnt  €Uiutritmmi,  126, 129. 

—  hibeniicufl»  127. 
— ^  timidufl,  127. 
LUa,  oormlfl  of  the,  61. 

—  of  Qlouoestenhire,  detcriptioDf 
of  new  mcies  from  the,  401. 

,  Mr.  B.  Tate  on  the  Middle,  in 

the  nnrth-nst  of  LreUnd,  324. 

,  Mr.  B.  Tate  on  the  paUeonto- 

logy  of  the  junction  beOB  of  the 
Lower  and  Middle,  of  Glouoester- 
shire,  394. 

Uma  Gordotm,  247. 

muUiatriata,  248. 

Bcabrieula^  406. 

Lincolnahire,  Neooomian  iron-ores  of, 
329. 

Lincolnshire  and  Yorkshire^  map  of 
part  of,  102. 

Linoolnshire  and  Yorkshire,  Mr.  J. 
W.  Judd's  additional  obserradons 
on  the  Neooomian  strata  of^  wiUi 
notes  on  their  relations  to  the  beds 
of  the  same  age  throughout  Northern 
Europe,  326. 

Lithomarge,  basalt,  and  bole,  table  of 
analyses  of.  156. 

LUtorina  biornata,  404. 

Lloyd,  Mr.  T.  G.  B.,  on  the  superficial 
deposits  of  portions  of  the  Ayon  and 
Serem  vallers,  202. 

Lofoten  Islands,  Ber.  T.  G.  Bonney, 
on  the  ^logy  of  the,  623. 

Lophoheha,  deep-sea  spedee  of,  55. 

Lucina  anomala,  251. 

(?)  australis,  251. 

Macropus,  416. 

Maetra  trigondUs,  252. 

Madracis,  56. 

Madreporaria,  Prof.  P.  Martin  Dun- 
can on  the,  of  the  Australian  Ter- 
tiary deposits,  284. 

Magee  Island,  153. 

Magnesian  limestone,  IfM.  Hancock 
and  Howse  on  a  new  Lafajrintho- 
dont  amphibian  from  the,  of  Mid- 
deridge,  Durham,  556. 

Malta,  Dr.  A.  A.  Caruana  on  the  fossil 
elephants  of^  434. 

Mammalia,  species  of,  from  the  Suf- 
folk bone-bed,  509,  511. 

Mammalian  remains  in  the  drifts  of 
the  Avon  and  Severn  Talleys,  221. 

Mammals,  Dr.  G.  Krefft  on  Australian 
foesU,  415. 

,  Prof.  Owen  on  fossil  remains  of, 

found  in  China,  417. 

Manesty,  section  from,  to  Seatoller, 
601. 

Manieina,  littoralspeoies  of,  58. 

Map  of  part  of  Western  Lancashire 


and  Cheshire,  661;  ofpHtorXcvk- 
shire  and  Linoobiahir^  102 ;  of  the 
Oolites  in  the  distziot  round  Nortii- 
ampton,  357. 

Marl-slate,  Dorypterus  Haffinamu 
fromibe^of  Midderidge,823;  ProCe- 
rosaurus  Speneri,  aDaanew8pacsea« 
Proteroeaurus  Huxleyi,  from  the. 
565. 

Mattodan  tapiroida^,  511. 

Mastodon,  Trilophodont,  of  the  Suf- 
folk bone-bed,  507. 

Matterdale,  Green-ekfte  series  in,  605. 

Megalosauiidse,  34. 

Megalosaurus,  tibia  of,  figured,  20. 
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a  plant-  and  insect-bed  on  the  Booky 
Biyer  in,  2. 

New  Zealand,  Mr.  Hood's  geological 
observations  on  the  Waipara  riyer 
in,  409. 
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on  the  real  position  of  the  Forest- 
bed,  651. 

« ,  stone-bed  of,  493. 

Nortiuunpton,  list  of  fossils  from  beds 
of  Northampton  Sand,  in  the  neigh- 
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Sphenotrochua  attt&alis,  297. 

ejNncua,  298. 

Sphenosaurus,  37. 

Starfish,  Dr.  T.  Wright  on  a  new 
species  of,  from  the  ironstone-beds 
of  the  Inferior  Oolite  of  Northamp- 
ton, 391. 

Stegodon  ortentalis,  421. 

sinensis,  417. 


Stellasier  Berthandi,  303. 

Sharpii,  392. 

Steneasaurus  ManstHi,  170. 

Stone-bed  of  Norfolk,  403. 

Straparolm  art^iut,  404. 

beUulus,  404. 

WrigkHoMUSt  404, 

Streamf  subgladal,-881. 

StruthiosauruSt  394. 

Stylaster,  56. 

Sub-aioio  boulder-oLay,  694. 

Subglaeial  stream,  681. 

Sucnospondylia,  36. 

Sufiblk  and  Norfolk,  oontemporary 
phenomena  in,  499. 
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C  H.xd.  4«%*.               *  ZptfeokU.  teeth  of.  51i 
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